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(54) Title: ENZYMATIC OO^-DEGUMMING METHOD 

(57) Abstract: A process of enzymatic d^omming edible oils* comprising u^eating the edible oil with a lipd acyluansferase so as 
10 transfer an acyl group from a major part of !hc f^O&pholipid to one or more acyl acceptors, wherein the acyl acceptor may be 
any compound comprising a hydroxy group. In one embodiment preferably the acyl acceptor is water and in anoiher embodiment 
preferably the acyl acceptor is one or more sterols and/or stands. When the acyl acceptor is a stanol and/or sterol, one or nrmre sterol 
esters and/or stanol esters are prodoced. The lipid acyllransferasc for use in the process of the present invention may comprises one 
or more of the following amino acid sequences: SEQ ID No. I . SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5. SEQ ID No. 6, SEQ 
ID No. 7,SEQIDNo. 8, SEQ ID No. 9,SEQlDNo. 10, SEQ ID No. II, SEQ ID No. 12, SEQ TD No. 13. SEQ ID No. J4, or 
SEQ ID No. 15, SEQ TD No. 16, SEQ ID No. 17,SEQIDNo. 18, SEQ ID No. 36, SEQ ID No. 38, SEQ TD No. 40, SEQ ID No. 
41. SEQ ID No 45, SEQ ID No. 47, SEQ ID No. 50 or an amino acid sequence which has 75% or more identity thereto. A novel 
lipid acyl transferase compri.sing the amino add sequence shown as SEQ CD No. 16 is also taught 
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ENZYMATIC OlIr-DEGUT-iMIHG METHOD 

REFERENCE TO RELATED APPLICATIONS 

Reference is made to the following related applications: United States Application 
5 Serial Number 09/750,990 Hed on 20 July 1999, United States Application Serial 
Number 10/409,391, WO2004/064537, WO2004/064987, PCT/IB2004/004378 and 
PCT/IB2004/004374. Each of these applications and each of the documents cited in 
each of these applications ("plication cited documoits*'), and each document 
referenced or cited in flie application cited documents, either in the text or during the 
10 prosecution of those applications, as well as all arguments in support of patentability 
advanced during such prosecution, are hereby incorporated herein by reference. 
Various documents are also cited in this text (**herein cited documents'''). Each of the 
herein cited documents, and each document cited or referenced in the herein cited 
documents, is hereby incorporated herein by reference. 

15 

FIELD OF INVENTION 

The present invention relates to a method for enzymatically degumming edible oils 
using a hpid acyltransferase. 

20 

The present invention further relates to one or more lipid acyltransferases. 

Hie present invention yet further relates to the use of a lipid acyltransferase to the 
degunmiing of edible oils, 

25 

TECHNICAL BACKGROUND 

Traditionally two processes have been used for degumming of oil which are the 
physical degumming and the chemical degumming processes. Back in the I990's the 
30 enzymatic degumming process was developed based on the use of pancreatic 

phospholipase. Because this enzyme was non-kosher the phospholipase was eventually 
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substituted by a microbial phospholipase Al (Ledtase Ultra™ - Novozymes, 
Denmark). The enzymatic process has several advantages over the chemical or the 
physical degumming processes including cost savings, higher yield and a more 
environmentally friendly process- 

SUMMARY ASPECTS OF THE PRESENT INVENTION 

In one aspect, the present inv^tion provides a method for the enzymatic degunaming 
of vegetable oils or edible oils xising a lipid acyltransferase as defined herein. 

The present invention also provides a process of enzymatic degumming of vegetable 
or edible oils, comprising treating the edible or vegetable oil with a lipid acyl 
transferase according to the present invention so as to remove a major part of the 
phospholipid. 

The present invmtion also provides a process of enzymatic degumming of vegetable 
or edible oils, comprising treating the edible or vegetable oil with a lipid acyl 
transferase according to the preset invention so as to transfer an acyl group from a 
major part of the phospholipid to one or more acyl acceptors, for example to one or 
more sterols and/or stanols. 

In another aspect, the present invention provides one or more lipid acyltransferases. 

In one aspect, the present invention provides a lipid acyltransferase comprising the 
amino acid sequence shown as SEQ ID No. 16. 

In another aspect, the present invention provides a lipid acyltransferase comprising the 
amino acid sequence shown as SEQ ID No. 16, or an amino acid sequ^ce which has 
75% or more, preferably 85% or more, more prefa^ly 90% or more, even more 
preferably 95% or more, even more preferably 98% or more, or even more preferably 
99% or more id^tity to SEQ ID No. 16. 
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In a yet further aspect, the presrat invention provides the use of a lipid acyltransferase 
in the degumming of edible oils (i) to ronove phospholipids (such as 
phosphatidylcholine) and/or (ii) to increase the formation of sterol esters and/or stanol 
esters in the oil and/or (iii) to remove phospholipids (such as phosphatidjicholine) 
5 and/or to increase the fonnation of sterol esters and/or stanol esters in the oil without 
significantly increasing free fatty adds in the oil. 

PREFERABLE ASPECTS 

1 0 The lipid acyltransferase for use in the present invention may be a natural lipid 
acyltransferase or may be a variant lipid acyltransferase. 

For instance, the lipid acyltransferase for use in the method and uses of the present 
invention may be one as desaibed in WO2004/064537 or WO2004/064987, or 
1 5 PCT/IB2004/004378 or GB0513859.9, for example. 

The term 'lipid acyltransferase" as used herein means an enzyme that has 
acyltransferase activity (generally classified as E,C. 2.3. Lx), whereby the enzyme is 
capable of transferring an acyl group fi*om a lipid to one or more acceptor substrates, 
20 such as one or more of the following: a sterol; a stanol; a carbohydrate; a protein; a 
protein subunit; glycerol — preferably a sterol and/or a stanol. 

Preferably, the lipid acyltransferase according to the present invention or for Tise in the 
methods and/or uses of the present invention is capable of transferring an acyl group 
25 from a lipid (as defined herein) to one or more of the following acyl acceptor 
substrates: a sterol or a stanol, preferably a sterol. 

For some aspects the "acyl acceptor" according to the present invention may be any 
compound comprising a hydroxy group (-0H), such as for example, polyvalent 
30 alcohols, including glycerol; sterols; stands; carbohydrates; hydroxy adds including 
fruit acids, citric add, tartaric add, lactic add and ascorbic add; protdns or a sub-unit 
thereof, such as amino acids, protein hydrolysates and peptides (partly hydrolysed 
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protein) for example; and mixtures and derivatives thereof. Preferably, the "acyl 
acceptor" according to the present invention is not water. 

The acyl accq)tor is preferably not a monoglyceTide. 

5 

In one aspect, the lipid acyltransfe^e according to the present invention or for use in 
the methods and/or uses of the present invention may, as well as being able to transfer 
an acyl group from a lipid to a sterol and/or a stanol, additionally be able to transf^ 
the acyl group from a lipid to one or more of flie following: a carbohydrate, a protein, a 
10 protein subunit, glycerol. 

Preferably, the lipid substrate upon which the lipid acyltransferase according to the 
present invention acts is one or more of flie following lipids: a phosphoUpid, such as a 
lecithin, e.g. phosphatidylcholine. 

15 

This lipid substrate may be referred to herein as the **lipid acyl donor". The term 
ledthin as used herein encompasses phosphatidylcholine, phosphatidylethanolamine, 
phosphatidylinositol, phosphatidylserine and phosphatidylglyceroL 

20 For some aspects, preferably the lipid substrate upon which the lipid acyltransferase 
according to the present invention or for use in the method and/or uses of the present 
invention acts as a phospholipid, such as lecithin, for example phosphatidyldbioline. 

For some aspects, preferably the lipid acyltransferase according to tiie present 
25 invOTtion or for use in the m^od and/or uses of the present invention is incapable, or 
substantially incapable, of acting on a triglyceride and/or a 1-monoglyceride and/or 2- 
monoglyceride. 

Suitably, the lipid acyltransferase according to the preset invention or for use in the 
30 method and/or uses of the present invention may exhibit one or more of the following 
phospholipase activities: phospholipase A2 activity {E,C. 3 . 1 . 1 .4) or phospholipase Al 
activity (B.C. 3,1.1.32). 
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Suitably, for some aspects the lipid acyltransferase according to the preset invention 
or for use in the method and/or uses of the present invention may be capable of 
transferring an acyl group from a phospholipid to a sterol and/or a stanol. 

For some aspects, preferably the lipid acyltransferase according to the present 
invention or for use in methods and/or uses of the present invention is capable of 
transferring an acyi group from a phospholipid to a sterol and/or a stanol to form at 
least a sterol ester and/or a stanol ester. 

For some aspects, preferably the lipid acyltransferase according to the present 
invention or for use in the method and/or uses of the present invmtion does not exhibit 
triacylglycerol lipase activity (E.G. 3.1. 13) or does not exhibit significant 
triacyl glycerol lipase activity (E.G. 3.1.1 .3). 

The lipid acyltransferase according to the present invention or for use in the method 
and/or uses of tihte present invCTtion may be capable of transferring an acyl group from 
a lipid to a sterol and/or a stanoL Thus, in one embodiment the "acyl acceptor" 
according to the present invention may be either a sterol or a stanol or a combination 
of both a sterol and a stanol. 

Prefi^ably, the lipid acyltransferase enzyme according to the present invration or for 
use in methods and uses of the preset invention may be diaracterised using the 
following criteria: 

(i) the enzyme possesses acyl transferase activity which may be defined as 
ester transfK* activity whereby the acyl part of an original ester bond of 
a lipid acyl donor is transferred to an acyl acceptor to form a new ester; 
and 

(ii) the raizyme comprises the amino add sequence motif GDSX, wherein 
X is one or more of the following amino acid residues L, A, V, I, F, Y, 
H, Q,T,N,Mor S. 
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Preferably, X of the GDSX motif is L or Y. More preferably, X of the GDSX motif is 
L. Thus, preferably the CTizyme according to the present invention comprises the 
amino acid sequence motif GDSL. 

5 The GDSX motif is comprised of four conserved amino adds. Preferably, the smne 
within the motif is a catalytic serine of the lipid acyltransferase enzyme. Suitably, the 
serine of the GDSX motif may be in a position corresponding to Ser-16 in Aeromo?ias 
hydrophila hpolytic enzyme tau^t in BrumUk & Buckley (Journal of Bacteriology 
Apr. 1996, Vol. 178, No. 7, p 2060-2064). 

10 

To detOTnine if a protein has the GDSX motif according to the present invention, the 
sequence is preferably compared with the hidden markov model profiles (HMM 
profiles) of the pfam database in accordance with the procedures taught in 
WO2004/064537 or WO2004/064987. 

15 

Pfam is a database of protein domain families. Pfam contains curated multiple 
sequence alignments for each family as well as profile hidden Markov models (profile 
HMMs) for identifying these domains in new sequences. An introduction to Pfam can 
be found in Bateman A et aL (2002) Nucleic Acids Res. 30; 276-280. Hidden Markov 
20 models are used in a number of databases that aim at classifying proteins, for review 
see Bateman A and Haft DH (2002) Brief Bioinform 3; 236-245. 

http://www.ncbi.nhii.rnh.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed 
^1 2230032&dopt=Abstract 
25 httpr//www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db==PubM^^ 
=11752314&dopt=Abstract 

For a detailed explanation of hidden Maricov models and how they are applied in flie 
Pfam database see Duibin R, Eddy S, and Krogh A (1998) Biological sequence 
30 analysis; probabilistic models of proteins and nucldc adds. Cambridge Univ^sity 
Press, ISBN 0-521-62041-4. The Hammer software package can be obtained from 
Washington University, St Louis, USA. 
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AltCTnatively, the GDSX motif can be identified using the Hammer software package, 
the instructions are provided in Durbin R, Eddy S, and Krogh A (1998) Biological 
sequence analysis; probabilistic models of proteins and nucleic acids. Cambridge 
5 UmVasity Press, ISBN 0-52 1 -62041-4 and the referraices therein, and the HMMER2 
profile provided within this specification^ 

The PFAM database can be accessed, for example, through several servers which are 
currently located at the following websites. 
1 0 http://www.sanger.ac.ulc/Software/Pfam/index.shtml 
http://pfara.wustLedu/ 
http://pfam.jouy.inra.fi:/ 
http://pfam.cgb.ki.se/ 

1 5 The database offers a search facility where one can enter a protein sequence. Using the 
defeult parameters of the database the protein sequence will then be analysed for the 
presOTce of Pfam domains. The GDSX domain is an established domain in the 
database and as such its presence in any query sequ^ce will be recognised. The 
database will return the alignmrait of the Pfam00657 consensus sequence to the query 

20 sequence. 

Preferably the lipid acyltransferase enzyme for use in methods and uses of the 
invention can be aligned using the Pfam00657 consensus sequence (for a fiill 
explanation see WO2004/064537 or WO2004/064987). 

25 

Preferably, a positive match with the hidden markov model profile (HMM profile) of 
the pfam00657 domain family indicates the presence of the GDSL or GDSX domain 
according to the present invention. 

30 Pref^bly when aligned vrith the Pfam00657 codsctsus sequence the lipid 

acyltransferase for use in the methods or uses of the invention may have at least one, 
preferably more than one, preferably more than two, of the following, a GDSx blodc, a 
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GANDY block, a HPT bloclc Suitably, the lipid acyltransferase may have a GDSx 
block and a GANDY block. Alternatively, the enzyme may have a GDSx block and a 
HPT block. Preferably the CTzyme comprises at least a GDSx block. 

5 Preferably, residues of the GANDY motif are selected from GANDY, GGNDA, 
GGNDL, most prefi^ably GANDY, 

Preferably, -when aligned with tibe Pfam00657 consOTSus sequence the enzyme for use 
in the methods or uses of the invention have at least one, preferably more than one, 

1 0 preferably more than two, prefa^bly more than three, pref^bly more than four, 
preferably more than five, preferably more than six, preferably more than seven, 
preferably more than eight, preferably more than nine, preferably more than ten, 
preferably more than elev^, preferably more than twelve, prefo-Eibly more than 
thirteen, preferably more than fourteen, of the following amino acid residues when 

1 5 compared to the reference A. hydrophilia polypeptide sequence, namely SEQ ID No. 
1: 28hid, 29hid, 30hid, 31hid, 32gly, 33Asp, 34Ser, 35hid, 130hid, 131Gly, 132Hid, 
133Asn, 134Asp, 135hid, 309His. 

The pfam00657 GDSX domain is a unique identifier which distinguishes proteins 
20 possessing this domain from other aizymes. 

Thepfam00657 consensus sequence is presented in Figure 12 as SEQ ED No. 2. This is 
derived firom the identification of the pfam femily 00657, database version 6, whidi 
may also be referred to as pfam00657.6 herein. 

25 

The consensus sequ^ce may be updated by using further releases of the pfam 
database (for example see WO2004/064537 or WO2004/064987). 

The presence of the GDSx, GANDY and HPT blocks are found in the pfam family 
30 00657 from both releases of the database. Future releases of the pfam database can be 
used to identify the pfam family 00657. 
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In one embodiment, the lipid acyltransferase enzyme for use in methods and uses of 
the present invaition may be characterised using the following criteria: 

(i) the enzyme possesses acyl transferase activity ^vhich may be defined as 
ester transfer activity whereby the acyl part of an original ester bond of 

5 a lipid acyl donor is transferred to acyl acceptor to form a new ester; 

(ii) the enzyme comprises the amino acid sequence motif GDSX, wherein 
X is one or more of the following amino acid residues L, A, V, I, F, Y, 
H, Q, T,N,MorS.; 

(iii) the enzyme comprises His-309 or comprises a histidine residue at a 
10 position corresponding to His-309 in ih^ Aeromonas hydrophila lipid 

acyltransferase enzyme shown in Figures 1 1 and 13 (SEQ ID No. 1 or 
SEQIDNo. 3). 

Preferably, the amino acid residue of the GDSX motif is L. 


In SEQ ID No. 3 or SEQ ID No. 1 the first 18 amino acid residues form a signal 
sequence. His-309 of the full length sequence, that is the protein including the signal 
sequence, equates to His-291 of the mature part of the protein, i.e. the sequence 
witliout the signal sequence. 


In one embodiment, the lipid acyltransferase enzyme for use in methods and uses of 
the present invention comprises the following catalytic triad: Ser-34, Asp-134 and His- 
309 or comprises a serine residue, an aspartic acid residue and a histidine residue, 
respectively, at positions corresponding to Ser-34, Asp-134 and His-309 in the 
Aeromonas hydrophila lipid acyltransferase enzyme shown in Figure 13 (SEQ ID No. 
3) or Figure 1 1 (SEQ ID No. 1), As stated above, in the sequence shown in SEQ ID 
No. 3 or SEQ ID No. 1 the first 18 amino acid residues form a signal sequence, Ser-34, 
Asp-134 and His-309 of the fiiU lengda sequence, that is the protein including the 
signal sequence, equate to Ser-1 6, Asp-1 1 6 and His-291 of the mature part of the 
protein, i.e. the sequence wiAout the signal sequence. In the pfem00657 consensus 
sequence, as given in Figure 12 (SEQ ID No. 2) the active site residues correspond to 
Ser-7, Asp-1 57 and His-348. 
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In one embodiment, the lipid acyltransferase enzyme for use in methods and uses of 
the present invention may be characterised nsing the following criteria: 

(i) the enzyme possesses acyl transferase activity which may be defined as 
5 ester transfer acti\ity wh^eby the acyl part of an original ester bond of 

a first lipid acyl donor is transferred to an acyl acceptor to form a new 
ester; and 

(ii) the enzyme comprises at least Gly-32, Asp-33, Ser-34, Asp-134 and 
His-309 or comprises glycine, aspartic acid, serine, aspartic acid and 
histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34, 
Asp- 134 and His-309, respectively, in the Aeromonas hydrophila lipid 
acyltransferase enzyme shown in Figure 13 (SEQ ID No, 3) or Figure 
11 (SEQ ID No. 1). 

Suitably, the lipid acyltransferase en2yme for use in methods and uses of presoit 
invention comprises one or more of the following amino acid sequences: 

(i) the amino acid s^uence shown as SEQ ID No. 3 (see Figure 1 3) 

(ii) the amino acid sequence shown as SEQ ID No, 4 (see Figure 14) 

(iii) the amino acid sequence shown as SEQ ID No. 5 (see Figure 15) 

(iv) the amino acid sequ^ce shown as SEQ ID No. 6 (see Figure 16) 

(v) the amino acid sequence shown as SEQ.ID No. 7 (see Figure 1 7) 

(vi) the amino acid sequence shown as SEQ ID No. 8 (see Figure 1 8) 

(vii) the amino acid sequence shown as SEQ ID No. 9 (Figure 1 9) 

(viii) the amino add sequence shown as SEQ ID No. 10 (Figure 20) 

(ix) the amiiK) acid sequence shown as SEQ ID No. 1 1 (Figure 21) 

(x) the amino acid sequence shown as SEQ ID No, 12 (Figure 22) 

(xi) the amino acid sequence shown as SEQ ID No, 1 3 (Figure 23) 

(xii) the amino add sequence shown as SEQ ID No. 14 (Figure 24) 

(xiii) the amino add sequence shown as SEQ ID No. 1 (Figure 11) 

(xiv) the amino add sequence shown as SEQ ID No. 15 (Figure 25) or 
an amino add sequence which has 75% or more identity wifli any one of &e sequences 
shown as SEQ ID No. 1, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, 
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SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 1 1, SEQ 
ID No. 12, SEQ ID No. 13, SEQ ID No. 14, or SEQ ID No. 15. 

Suitably, the lipid acyltransferase enzyme for use in mefliods and uses of the present 
5 invention comprises either the amino add sequence shown as SEQ ID No. 3 or as SEQ 
ID No. 4 or SEQ ID No. 1 or SEQ ID No. 15 or comprises an amino acid sequence 
whidi has 75% or more, preferably 80% or more, preferably 85% or more, preferably 
90% or more, preferably 95% or more, idoitity with the amino acid sequence shown as 
SEQ ID No. 3 or the amino acid sequence shown as SEQ ID No. 4 or the amino acid 
1 0 sequence shown as SEQ ID No. 1 or the amino acid sequence shown as SEQ ID No. 
15. 

Suitably the lipid acyltransferase enzyme for use in methods and uses of the present 
invention comprises an amino acid sequence which has 80% or more, preferably 85% 
15 or more, more preferably 90% or more and even more preferably 95% or more identity 
with any one of the sequences shown as SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, 
SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID 
No. 1 1, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No. 14, SEQ ED No. 1, or SEQ ID 
No. 15. 

20 

Suitably, the lipid acj^transferase enzyme for use in methods and uses of the present 
invention comprises one or more of the following amino acid sequences: 
(a) an amino acid sequence shown as amino acid residues 1-100 of SEQ ID No. 3 or 
SEQ ID No. 1; 

25 (b) an amino acid sequence shown as amino acids residues 101-200 of SEQ ID No. 3 
or SEQ ID No. 1; 

(c) an amino acid sequence shown as amino acid residues 201-300 of SEQ ID No. 3 or 
SEQ ID No. l;or 

(d) an amino acid sequence which has 75% or more, preferably 85% or more, more 
30 preferably 90% or more, even more preferably 95% or more identity to any one of 

the amino acid sequences defined in (a)-(c) above. 
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Suitably, the lipid acyltransferase enzyme for use in methods and uses of the present 
invention comprises one or more of the following amino acid sequences: 
(a) an amino acid sequence shown as amino add residues 28-39 of SEQ ID No. 3 or 
SEQIDNo. I; 

5 (b) an amino acid sequoice shown as amino acids residues 77-88 of SEQ ID No. 3 or 
SEQ ID No. 1; 

(c) an amino acid sequence shown as amino acid residues 126-136 of SEQ ID No. 3 or 
SEQ ID No. 1; 

(d) an amino acid sequence shown as amino acid residues 163-175 of SEQ ID No. 3 or 
10 SEQ ID No. 1; 

(e) an amino acid sequence shown as amino acid residues 304-3 1 1 of SEQ ID No. 3 or 
SEQ ID No. l;or 

(f) an amino acid sequence which has 75% or more, preferably 85% or more, more 
preferably 90% or more, even more preferably 95% or more identity to any one of 

1 5 the amino acid s^uences defined in (a)-(e) above. 

In one aspect, the lipid acyltransferase for use in the method and uses of the present 
invention may be the lipid acyl transferase firom Candida parapsilosis as taught in EP 
1 275 711. Thus in one aspect the lipid acyltransferase for use in the method and uses 
20 of the present invention may be a lipid acyltransferase comprising one of the amino 
acid sequences taught in SEQ ID No. 17 (Figure 28) or SEQ ID No. 18 (Figure 29). 

Much by preference, the lipid acyltransferase for use in the method and uses of the 
present invention may be a lipid acyltransferase comprising the amino acid sequence 
25 shown as SEQ ID No. 16 (Figure 10), or an amino acid sequence which has 75% or 
more, preferably 85% or more, more preferably 90% or more, even more preferably 
95% or more, even more preferably 98% or more, or even more preferably 99% or 
more identity to SEQ ID No. 16. Ibis en2yme could be considered a variant enzyme, 

30 In one aspect, the lipid acyltransfCTase for xjse in the methods and uses of the present 
invOTtion may be a lecithinrcholesterol acyltransferase (LCAT) or variant thereof (for 
example a variant made by molecular evolution) 
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Suitable LCATs are known in the art and may be obtainable from one or more of the 
following organisms for example: mammals, rat, mice, chickens, Drosophila 
melanogasteTy plants, inclnding Arabidopsis and Oryza sativa, nematodes, fimgi and 
5 yeast. 

In one embodiment the lipid acyltransfe'ase enzyme for use in the methods and uses of 
the present invention may be the lipid acyltransferase obtainable, preferably obtained, 
from the B. coli strains TOP 1 0 harbouring pPetl2aAhydro and pPetl2aASalmo 

1 0 deposited by Darrisco A/S of Langebrogade 1 , DK-1 001 Copenhagen K, Denmark 
xmder the Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the purposes of Patent Procedure at the National Collection of 
Industrial, Marine and Food Bacteria (NCIMB) 23 St. Machar Street, Aberdeen 
Scotland, GB on 22 December 2003 under accession numb^s NICMB 41204 and 

15 NCIMB 41205, respectively. 

Hi^ly preferred lipid acyl transferases for use in the methods of the invention include 
those isolated from Aeromonas spp.y preferably /l<?r<3mo«ay hydrophila or A. 
salmonicida^ most preferable ,4. salmomcida. Most preferred lipid acyl transferases 

20 for use in the present invention are eiKoded by SEQ ID No.s 1 , 3, 4, 1 5, 1 6. It will be 
recognised by the skilled person that it is preferable that the signal peptides of the acyl 
transferase has be^ cleaved dxiring expression of the transferase. The signal peptide 
of SEQ ID 1, 3, 4, 15 and 16 are amino acids 1-18. Therefore the most preferred 
regions are amino acids 19-335 for SEQ ID No. 1 and SEQ ID No. 3 {A. hydrophilia) 

25 and amino acids 19-336 for SEQ ID No. 4, SEQ ID No. 15 and SEQ ID No. 16. {A, 
salmonicida). When used to determine the homology of identity of the amino add 
sequences, it is preferred that the aligranrats as herein described use the mature 
sequence. 

30 Tha^fore the most preferred regicnis for determining homology (identity) are amino 
adds 19-335 for SEQ ID No. 1 and 3 (A hydrophilia) and amino adds 19-336 for 
SEQ ID No.s 4, 1 5 and 16. (A, salmonicidd), SEQ ID 34 and 35 are mature protein 
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sequences of the highly preferred lipid acyl transferases from A, hydrophilia and A, 
salmonicida respectivdy. 

A lipid acyl transferase for use in fee invention may also be isolated fiom 
5 Thermobifida, prefo^ly Z fusca, most preferably that encoded by SEQ ID No, 28- 

A lipid acyl transferase for use in the invaation may also be isolated from 
Streptomyces, preferable S, avei-niitis, most preferably that encoded by SEQ ID No. 32. 
Other possible enzymes for use in the present inv^tion from Streptoiiryces include 
10 those encoded by SEQ ID No.s 5, 6, 9, 10, 11, 12, 13, 14, 31, 33. The examples show 
that the enzyme ^coded by SEQ ID No, 33 is highly effective in enzymatic 
degumming. 

An enzyme for use in the inv^tion may also be isolated from Corynebacterium, 
1 5 preferably C. efficiens, most preferably that encoded by SEQ ID No. 29. 

Suitably, the lipid acyltransferase for use in the methods and uses according to the 
present invention may be a lipid acyltransferase comprising any one of the amino acid 
sequences shown as SEQ ID No.s 37, 38, 40, 41 , 43, 45, or 47 or an amino acid 
20 sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% 
identity therewith, or encoded by any one of the nucleotide sequences shown as SEQ 
ID No.s 36, 39, 42, 44, 46, or 48 or a nucleotide sequence which has at least 70%, 
75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith. 

25 Preferably, the lipid acyltransferase for use in the methods and uses according to the 
present invention is a lipid acyltransferase enable of hydrolysing at least galactolipids 
and/or capable of transferring an acyl group from at least a galactohpid to one or more 
acyl acceptor substrates, wherein the enzyme is obtainable, preferably obtained, from 
Streptomyces species. 

30 

In one embodiment the lipid acyltransferase for use in the methods and uses according 
to the present invention is prefi^ably a lipid acjitransferase capable of hydrolysing at 
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least galactolipids and/or capable of transferring an acyl group from at least a 
galactolipid to one or more acyl acceptor substrates, wherein tibe enzyme is encoded by 
a nucleic acid selected from the group consisting of: 

a) a nucleic acid comprising a nucleotide sequence shown in SEQ ID No. 36; 
5 b) a nucleic acid which is related to the nucleotide sequence of SEQ ID No. 36 by 

the degeneration of tiie genetic code; and 
c) a nucleic acid comprising a nucleotide sequence which has at least 70% 
identity with fee nucleotide sequence shown in SEQ ID No. 36. 

1 0 In one embodiment, the lipid acyltransferase for use in the methods and uses according 
to the present invention is preferably a lipid acyltransferase comprising an amino acid 
sequence as shown in SEQ ID No. 37 or an amino acid sequence which has at least 
60% identity thereto. 

1 5 In another embodiment the lipid acyltransferase for use in the methods and uses 
according to the present invention is preferably a lipid acyltransferase capable of 
hydrolysing at least a galactolipid and/or capable of transferring an acyl group from at 
least a galactolipid to one or more acyl acceptor substrates, wherein the enzyme 
comprises an amino add sequence as shown in SEQ ID No. 37 or an amino acid 

20 sequence which has at least 60% identity thereto. 

Preferably, the lipid acyltransferase for use in the methods and uses according to the 
present invention is a lipid acyltransfCTase capable of hydrolysing at least galactolipids 
and/or capable of transferring an acyl group from at least a galactolipid to one or more 
25 acyl acceptor substrates, wherein the enzyme is obtainable, preferably obtained, from 
Tliermobifida spedes, preferably Thermobifida fusca. 

Preferably, the lipid acyltransferase for use in the methods and uses according to Ae 
present invention is a lipolytic enzyme capable of hydrolysing at least galactolipids 
30 and/or capable of transfenring an acyl groiq) from at least a galactolipid to one or more 
acyl acceptor substrates, wherein the enzyme is obtainable, preferably obtained, from 
Corynebacterivm spedes, preferably Corynebacterium efficiens. 
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In a further embodiment the lipid acyltransfearase for use in the methods and uses 
according to the present invention may be a lipid acyltransferase comprising any one 
of the amino acid sequences shown as SEQ ED No. 37, 38, 40, 41, 43, 45 or 47 or an 
5 amino acid sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% 
or 98% identity therewith, or encoded by any one of the nucleotide sequences shown 
as SEQ ID No, 39, 42, 44, 46 or 48 or a nucleotide sequ^ce which has at least 70%, 
75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith. 

10 In a further embodiment the lipid acyltransferase for use in the methods and uses 

according to the present invention may be a lipid acyltransferase comprising any one 
of amino sequences shown as SEQ ID No. 38, 40, 41 , 45 or 47 or an amino acid 
sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% 
identity therewith for the uses described herein. 

15 

In a further embodim^t the lipid acyltransferase for use in the methods and uses 
according to the present invention may be a lipid acyltransferase comprising any one 
of amino sequences shown as SEQ ID No. 38, 40, or 47 or an amino acid sequence 
which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity 
20 therewith for the uses described berem. 

More preferably in one embodiment the lipid acyltransferase for use in the methods 
and uses according to the present invention may be a lipid acyltransferase comprising 
the amino acid sequence shown as SEQ ID No. 47 or an amino add sequence which 
25 has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith. 

In another embodiment the lipid acyltransferase for use in the methods and uses 
according to the present invention may be a lipid ac)4transferase comprising the amino 
acid sequence shown as SEQ ID No. 43 or 44 or an amino add sequence which has at 
30 least 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith. 
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In another embodiment the lipid acyltransferase for use in the methods and uses 
according to the pr^ent invention may be a lipid acyltransferase comprising the amino 
acid sequeaice shown as SEQ ID No. 41 or an amino acid sequence whicdi has at least 
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith. 

5 

In one OTibodiment the lipid acyltransferase for use in the methods and uses according 
to the present invention may be a lipid acyltransferase capable of hydrolysing at least 
galactolipids and/or capable of transferring an acyl group from at least a galactolipid to 
one or more acyl acceptor substrates^ wherein the enzyme is e^ncoded by a nucleic acid 
1 0 selected from the group consisting of: 

a) a nucleic acid comprising a nucleotide sequence shown in SEQ ID No. 36; 

b) a nucleic acid which is related to the nucleotide sequence of SEQ ID No. 36 by 
the degeneration of the genetic code; and 

c) a nucleic acid comprising a nucleotide sequence which has at least 70% 
1 5 identity with the nucleotide sequence shown in SEQ ID No, 36. 

In one embodiment the lipid acyltransferase according to the present inv^tion may be 
a lipid acyltransferase obtainable, preferably obtained, from the Streptomyces strains 
LI 30 or LI 31 deposited by Danisco A/S of Langebrogade 1, DK-1001 Copenhagen K, 
20 Denmark und^ the Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the purposes of Patent Procedure at the National Collection of 
Industrial, Marine and Food Bacteria (NCIMB) 23 St. Machar Street, Aberdeen 
Scotland, GB on 25 June 2004 under accession numbers NCIMB 41226 and NCIMB 
. 41227, respectively. 

25 

Suitable lipid acyltransferases for use in accordance with the present invention and/or 
m the methods of the present invention may comprise any one of the following amino 
acid sequences and/or be encoded by the following nucleotide sequences: 
a polynucleotide encoding a lipid acyltransferase according to the present invention 
30 (SEQ ID No. 16); 

an amino acid sequence of a lipid acyltransferase according to' the preseat invention 
(SEQ ID No. 17). 
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A suitable lipid acyl-transferase mzyme for use in the methods of the invention may 
also be identified by alignment to the L131 (SEQ ID No. 37) sequence using Align X, 
the Clustal W pairwise alignmait algorithm of VectorNTI using default settings* 

5 

An alignment of the L131 and homologues from S, avermitilis and T.fusca illustrates 
that the conservation of the GDSx motif (GDSY in LI 31 and S, avermitilis and T. 
fuscaX the GANDY box, which is either GGNDA or GGNDL, and the HPT block 
(considered to be the conserved catalytic histadine). These three conserved blocks are 
1 0 highlighted in Figure 61 , 

When aligned to either the pfam Pfam00657 consensus sequence (as described in 
WO04/064987) and/ or the LI 3 1 sequence herein disclosed (SEQ ID No 37) it is 
possible to identify three conserved regions, the GDSx block, the GANDY block and 
15 the HTP block (see WO04/064987 for further details). 

When aligned to either the pfam Pfam00657 consensus sequence (as described in 
WO04/064987) and/ or the LI 31 sequence herein disclosed (SEQ ID No 37) 

i) The lipid acyl-transferase enzyme of the invention, or for use in methods of 
20 the invention, has preferably a GDSx motif, more preferably a GDSx motif 

selected firom GDSL or GDSY motif 

and/or 

ii) The lipid acyl-transferase enzyme of the invaition, or for use in methods of 
the invention, has preferably a GANDY block, more preferably a GANDY 

25 block comfMising amino GGNDx, more preferably GGNDA or GGNDL. 

and/or 

iii) The enzyme of the invention, or for use in methods of the invention, has 
preferable an HTP block. 

and preferably 

30 iv) The galactolq)ase/lipid acyl-transferase aizyme of the invention, or for use 
in methods of the invention, has preferably a GDSx or GDSY moti^ and a 


wo 2006/008508 


PCT/GB2005/002823 


19 

GANDY block comprising amino GGNDx, preferably GGNDA or 
GGNDL, and a HTP block (conserved histadine). 

Suitably, when the lipid acyltransferase for use in the methods or uses of the present 
5 invention, may be a variant lipid acyltransferase, in which case the enzyme may be 
characterised in that the enzyme comprises the amino acid sequence motif GDSX, 
wh^dn X is one or more of the following amino acid residues L, A, V, I, F, Y, H, Q, 
T, N, M or S, and wherein the variant enzyme comprises one or more amino add 
modifications compared with a parent sequmce at any one or more of the amino acid 
1 0 residues defined in set 2 or set 4 or set 6 or set 7 (defined hereinbelow). 

For instance the variant lipid acyltransferase enzyme for use in the methods or uses of 
the present invention may be diaracterised in that the eaizyme comprises the amino 
acid sequence motif GDSX, wherein X is one or more of the following amino acid 

15 residues L, A, V, I, F, Y, H, Q, T, N, M or S, and wherem the variant enzyme 
comprises one or more amino acid modifications compared with a parent sequence at 
any one or more of the amino acid residues detailed in set 2 or set 4 or set 6 or set 7 
(defined hereinbelow) identified by said parent sequence being structurally aligned 
with the structural model of PI 0480 defined herein, which is preferably obtained by 

20 structural alignment of PI 0480 crystal structure coordinates with 1IVN.PDB and/or 
IDEO.FDB as taught h^ein. 

In a further raibodiment fte variant lipid acyltransferase enzyme for use in the 
methods or uses of the present invention may be characterised in that the enzyme 

25 comprises die amino acid sequence motif GDSX, wherein X is one or more of the 
following amino acid residues L, A, V, 1, F, Y, H, Q, T, N, M or S, and wherein the 
variant enzyme comprises one or more amino acid modifications compared wifii a 
parent sequence at any one or more of the amino acid residues taught in set 2 identified 
when said parent sequence is aligned to the pfam cons^sus sequence (SEQ ID No, 2 - 

30 Figmre 12) and modified according to a structural model of P10480 to ensure best fit 
overlap (see Figure 30) as taught herein. 
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Suitably the variant lipid acyitransferase enzyme may comprise an amino acid 
sequence, which amino acid sequence is shown as SEQ ED No. 34, SEQ ID No. 3, 
SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ED 
No. 19, SEQ ID No. 1 0, SEQ ID No. 1 1, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No. 
5 14, SEQ ID No. 1, SEQ ID No. 1 5, SEQ ID No. 25, SEQ ID No. 26, SEQ ED No. 27, 
SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, , SEQ ID No. 32, or SEQ ID No. 33 
except for one or more amino acid modifications at any one or more of the amino acid 
residues defined in set 2 or set 4 or set 6 or set 7 (hereinafte3r defined) idaitified by 
sequence alignment with SEQ ID No. 34. 

10 

Alternatively the variant lipid acyitransferase enzyme may be a variant enzyme 
comprising an amino add sequence, whidi amino acid sequence is shown as SEQ ID 
No. 34, SEQ ID No. 3, SEQ ID No. 4, SEQ ED No. 5, SEQ ID No. 6, SEQ ID No. 7, 
SEQ ID No. 8, SEQ ID No. 19, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, SEQ 

15 ID No. 1 3, SEQ ID No. 14, SEQ ID No. 1 , SEQ ID No. 1 5, SEQ ED No. 25, SEQ ID 
No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, , SEQ ID 
No. 32, or SEQ ID No. 33 except for one or more amino acid modifications at any one 
or more of the amino acid residues defined in set 2 or set 4 or set 6 or set 7 identified 
by said parent sequwice being stnicturally aligned with the structural model of PI 0480 

20 defined herein, which is preferably obtained by structural alignment of PI 0480 crystal 
structure coordinates with 1FVN.PDB and/or IDEO.PDB as taught herem. 


AltOTiatively, the variant lipid acyitransferase enzyme may be a variant enzyme 
comprising an amino acid sequeace, which amino acid sequence is shown as SEQ ID 

25 No. 34, SEQ ID No, 3, SEQ ID No. 4, SEQ ED No. 5, SEQ ID No. 6, SEQ ID No. 7, 
SEQ ID No. 8, SEQ ID No. 19, SEQ ID No. 10, SEQ ID No, 1 1, SEQ ID No. 12, SEQ 
ID No. 13, SEQ ID No. 14, SEQ ID No. I, SEQ ID No. 15, SEQ ID No. 25, SEQ ID 
No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, , SEQ ID 
No. 32, or SEQ ID No. 33 except for one or more amino acid modifications at any one 

30 or more of the amino acid residues tau^t in set 2 identified wh«i said parent sequence 
is aligned to the pfam consensus sequence (SEQ ID No. 2) and modified according to 
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a structural model of PI 0480 to ensure best fit overlap (see Figure 30) as taught 
hereinbelow. 

The tenn "modiiynjg*' as used herein means adding, substituting and/or deleting. 
5 Preferably the Icrm "modifying** means "substituting'*. 

For the avoidance of doubt, when an amino acid is substituted in the parrat enzyme it 
is preferably substituted with an amino acid which is diff^-ent from that originally 
found at that position in the parent CTzyme thus to produce a variant enzyme. In other 
0 words, the term "substitution" is not intended to cover the replacement of an amino 
acid with the same amino acid. 

Preferably, the parent enzyme is an enzyme which comprises the amino acid sequence 
shown as SEQ ID No. 34 and/or SEQ ID No. 15 and/or SEQ ID No. 35. 

5 

Preferably, the variant enzyme is an enzyme which comprises an amino acid sequence, 
which amino acid sequence is shown as SEQ ID No. 34 or SEQ ID No. 35 except for 
one or more amino acid modifications at any one or more of the aniino acid residues 
defined in set 2 or set 4 or set 6 or set 7. 

D 

In one embodiment, preferably the variant enzyme comprises one or more amino add 
modifications compared with the parent sequence at at least one of the amino acid 
residues defined in set 4. 

5 Suitably, the variant enzyme comprises one or more of the following amino acid 
modifications compared with the parent enzyme: 
S3E, A, G, K, M, Y, R, P, N, T or G 
E309Q, R or A, preferably Q or R 
-3 1 8 Y, H, S or Y, preferably Y. 

) 

Preferably, X of the GDSX motif is L. Thus, preferably the parent enzyme comprises 
the amino acid motif GDSL. 
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Preferably the method of producing a variant lipid acyltransferase enzyme fiirth^ 
comprises one or more of the following steps: 
1) structural homology mapping or 
5 2) sequence homology alignment. 

Suitably, the structural homology mapping may comprise one or more of tihe following 
steps: 

i) aligning a parent sequence with a structural model (1IVN.PDB) shown in 
10 Figure 46; 

ii) selecting one or more amino acid residue within a lOA sphere centred on the 
central caibon atom of the glycerol molecule in the active site (see Figure 47) 
(such as one or more of the amino add residues defined in set 1 or set 2); and 

iii) modifying one or more amino acids selected in accordance with step (ii) in said 
15 parent sequence. 

In one embodiment the amino acid residue selected may reside within a 9, preferably 
within a 8, 7, 6, 5, 4, or 3 A sphere centred on the central carbon atom of the glycerol 
molecule in flie active site (see Figure 47). 

20 

Suitably, the structural homology mapping may comprise one or more of the following 
steps: 

i) aligning a parent sequoice with a structural model (1P/N.PDB) shown in 
Figure 46; 

25 ii) selecting one or more amino adds within a lOA sphere centred on the central 
caibon atoin of the glycerol molecule in the active site (see Figure 47) (such as 
one or more of the amino acid residues defined in set 1 or set 2); 
iii) determining if one or more amino add residues selected in accordance with 
step (ii) are highly conserved (particularly are active site residues and/or part of 

30 the GDSx motif and/or part of the GANDY motif); and 
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iv) modifying one or more amino acids selected in accordance with step (ii), 
excluding conserved regions identified in accordance with step (iii) in said 
parent sequence. 

5 In one embodiment the amino add residue selected may reside within a 9, preferably 
within a 8, 7, 6, 5, 4, or 3 A sphere centred on the central carbon atom of the glycerol 
molecule in the active site (see Figure 47). 

Alternatively to, or in combination with, the structural homology mapping described 
10 above, the structural homology mapping can be performed by selecting specific loop 
regions (LRs) or intervening regions (IVRs) derived firom the pfam alignment 
(Alignment 2, Figure 48) overlaid witti the P10480 model and IIVN. The loop regions 
(LRs) or intervening regions (IVRs) are defined in the Table below: 



PI 0480 amino acid positions (SEQ ID No 
34) 

rvRi 

1-19 

Loopl (LRl) 

20-41 

IVR2 

42-76 

Loop2 (LR2) 

77-89 

rVR3 

90-117 

Loop3 (LRS) 

118-127 

IVR4 

128-145 

Loop4 (LR4) 

146-176 

rVRS 

177-207 

Loops (LR5) 

208-287 

IVR6 

288-317 


15 


In some embodiments of the present invention the variant acyltransf^ase enzyme for 
use in the methods and uses of the present invention not only comprises an amino add 
modifications at one or more of the amino acids defined in any one of sets 1-4 and 6-7, 
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but also comprises at least one amino acid modification in one or more of the above 
defined intervening regions (IVRl-6) (preferably in one or more of the IVRs 3, 5 and 
6, more preferably in IVR 5 or IVR 6) and/or in one or more of the above-defined loop 
regions (LRl-5) (preferably in one or more of LRl, LR2 or LR5, more prefeably in 
5 LR5). 

In one embodiment, the variant acyltransferase for use in the methods and uses of the 
presOTt invention may comprise one or more amino add modification which is not 
only defined by one or more of set 2, 4, 6 and 7, but also is within one or more of tiie 
10 IVRs 1-6 (preferably within IVR 3, 5 or 6, more preferably within in IVR 5 or IVR 6) 
or within one or more of the LRs 1-5 (preferably within LRl, LR2 or LR5, more 
preferably within LRS). 

Suitably, the variant acyltransferase for use in the methods and uses of the present 
15 invention may comprise one or more amino acid modification which is not only in set 
1 or 2, but also is within IVR 3. 

Suitably, the variant acyltransferase for use in the methods and uses of the present 
invention may comprise one or more amino acid modification which is not only in set 
20 1 or 2, but also is within IVR 5. 

Suitably, the variant acyltransferase for use in the methods and uses of the present 
invention may comprise one or more amino add modification which is not only in set 
1 or 2, but also is within IVR 6. 

25 

Suitably, the variant acyltransferase for use in the methods and xises of the present 
invention may comprise one or more amino add modification which is not only in set 
1 or 2, but also is within LR 1, 

30 Suitably, the variant acyltransferase for use in the methods and uses of the present 
invention may comprise one or more amino add modification which is not only in set 
1 or 2, but also is within LR 2- 
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Likewise, in some embodimrats of the present invention the variant acyltransferase 
enzyme for use in the methods and uses of the present invention not only comprises an 
amino acid modification at one or more amino acid residues which reside within a 1 0, 
5 preferably within a 9, 8, 7, 6, 5, 4, or 3, A sphere centred on the central carbon atom of 
the glycerol molecule in the active site (see Figure 47), but also comprises at least one 
amino acid modification in one or more of the above defined intervening regions 
(IVRI-6) (preferably in one or more of IVRs 3, 5 and 6, more preferably in IVR 5 or 
rVR 6) and/or in one or more of the above-defiined loop regions (LRl-5) (preferably in 
1 0 one or more of LRl , LR2 or LR3, more preferably in LR5). 

In one embodiment, preferably the amino acid modification is at one or more amino 
acid residues which reside within a 1 OA sphere and also within LR5. 

15 Thus, the structural homology mapping may comprise one or more of the following 
steps: 

i) aligning a parent sequence witfi a structural model (UVN.PDB) shown in 
Figure 46; 

ii) selecting one or more amino acid residue within a lOA sphere centred on 
20 the cratral carbon atom of the glycerol molecule in the active site (see 

Figure 47) (such as one or more of fee amino acid residues defimed in set 1 
or set 2); and/or selecting one or more amino acid residues within IVR 1 -6) 
(preferably within P/R 3, 5 or 6, more preferably within in IVR 5 or IVR 
6); and/or selecting one or more amino acid residues within LRl-5 
25 (prefi^bly within LRl , LR2 or LR5, more preferably within LR5); and 

iii) modifying one or more amino acids selected in accordance with step (ii) in 
said parrat sequence. 


30 


In one embodiment the amino add residue selected may reside within a 9 A sphere, 
preferably within an 8, 7, 6, 5, 4, or 3 A sphere centred on the central carbon atom of 
the glycerol molecule in the active site (see Figure 47). 
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Suitably, the structural homology mapping may comprise one or more of the following 
steps: 

i) aligning a parent sequoice with a structural model (irVN.PDB) shown in 
Figure 46; 

5 ii) selecting one or more amino acids within a lOA sphere centred on the 

central caihon atom of the glycerol molecule in the active site (see Figure 
47) (sudi as one or more of the amino add residues defined in set 1 or set 
2); and/or selecting one or more amino acid residues within rVRl-6) 
(preferably within IVR 3, 5 or 6, more preferably within in IVR 5 or FVR 
10 6); and/or selecting one or more amino add residues within LRl-5 

(preferably within LRl , LR2 or LR5, more preferably within LR5); 
iii) determining if one or more ammo acid residues selected in accordance with 
step (ii) are hi^y conserved (particularly are active site residues and/or 
part of the GDSx motif and/or part of the GANDY motif); and 
15 modifying one or more amino adds selected in accordance with step (ii), excluding 
conserved regions identified in accordance with step (iii) in said parent sequence. 


Suitably, the one or more amino acids selected in the methods detailed above are not 
only within a lOA sphere centred on the c^tral carbon atom of the glycerol molecule 
20 in the active site (see Figure 47) (such as one or more of the amino acid residues 
defined in set I or set 2), but are also within one or more of the IVRs 1 -6 (preferably 
wifliin IVR 3, 5 or 6, more preferably within in IVR 5 or IVR 6) or within one or more 
of the LRs 1-5 (preferably within LRl , LR2 or LR5, more preferably within LR5). 

25 In one embodiment, preferably the one or more amino add modifications is/are within 
LRS. When it is the case that flie modification(s) is within LRS, the modification is 
not one which is defined in set 5. Suitably, the one or more amino add modifications 
not only fall vidth the region defined by LRS, but also constitute an amino add within 
one or more of set 2, set 4, set 6 or set 7, 

30 

Suitably, the sequence homology alignment may comprise one or more of the 
foUovraig steps: 
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i) selecting a first parent lipid acyltransferase; 

ii) identifying a second related lipid acyltransferase having a desirable activitj^; 
Hi) aligning said first parent lipid acyltransferase and the second related lipid 

acyltransferase; 

iv) identifying amino acid residues that differ between the two sequences; and 

v) modifying one or more of the amino acid residues identified in accordance with 
step (iv) in said parent lipid acyltransferase. 


Suitably, the sequence homology alignment may comprise one or more of the 
10 following steps: 

i) selecting a first parent lipid acyltransferase; 

ii) identifying a second related lipid acyltransf^ase having a desirable activity; 

iii) aligning said first parent lipid acyltransferase and the second related lipid 
acyltransferase; 

1 5 iv) identifying amino acid residues that differ between the two sequences; 

v) determining if one or more amino acid residues selected in accordance with 
step (iv) are highly conserved (particularly are active site residues and/or part 
of the GDSx motif and/or part of the GANDY motif); and 

vi) modifying one or more of the amino acid residues identified in accordance with 
20 step (iv) excluding cons^ved regions identified in accordance with step (v) in 

said parent sequence. 

Suitably, said first parent lipid acyltransferase may comprise any one of the following 
amino acid sequences: SEQ ID No. 34, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, 
25 SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 19, SEQ ID No, 10, SEQ 
ID No. 1 1, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No. 14, SEQ ID No. 1, SEQ ID 
No. 1 5, SEQ ID No. 25, SEQ ID No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No. 
29, SEQ ID No. 30, , SEQ ID No. 32 or SEQ ID No. 33. 

30 Suitably, said second related lipid acyltransferase may comprise any one of the 
following amino add sequences: SEQ ID No. 3, SEQ ID No. 34, SEQ ID No. 4, SEQ 
ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No, 8, SEQ ID No. 19, SEQ ID No. 
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10, SEQ ID No. 11, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No. 14, SEQ ID No. 1, 
SEQ ID No. 15, SEQ ID No. 25, SEQ ID No. 26, SEQ ID No. 27, SEQ ID No. 28, 
SEQ ID No. 29, SEQ ID No. 30, , SEQ ID No. 32 or SEQ ID No. 33. 

5 The variant enzyme roust comprise at least one amino add modification compared 
with the parent enzyme. In some embodiments, tiie variant enzyme may comprise at 
least 2, preferably at least 3, preferably at least 4, preferably at least 5, preferably at 
least 6, prefCTably at least 7, preferably at least 8, preferably at least 9, preferably at 
least 10 amino acid modifications compared wiflj the parent «izyme. 

10 

When referring to specific amino add residues herein the numbering is that obtained 
fiom aligranait of the variant sequaice with the reference sequence shown as SEQ ID 
No. 34 or SEQ ID No. 35. 

15 In one aspect preferably the variant enzyme comprises one or more of the following 
amino acid substitutions: 

S3 A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, T, V, W, or Y; and^or 
L17A, C, D, E, F, G, H, I, K, M, N, P, Q, R, S, T, V, W, or Y; and/or 

20 SI 8A, C, D, E, F, H, I, K, L, M, N, P, Q, R, T, W, or Y; and/or 

K22A, C, D, E, F, G, H, I, L. M, N, P, Q, R, S, T. V, W, or Y; and/or 
M23A, C, D, E, F, G, H, I, K. L, N, P. Q, R. S, T. V, W, or Y; and/or 
Y30A, C, D, E, G, H, I, K, L, M, N, P, Q, R, S, T, V, or W; and/or 
G40A, C, D, E, F, H, I, K, L, M, N, P, Q, R, S, T, V, W, or Y; and/or 

25 N80A, C, D, E, F, G, H, I, K, L, M, P, Q, R, S, T, V, W, or Y; and/or 
P81A, C, D, E. F, G, H. I, K, L, M,N, Q, R, S, T, V, W, or Y; and/or 
K82A, C, D. E, F. G, H, I, L, M, N, P, Q, R, S, T, V, W, or Y; and/or 
N87A, C, D, E, F, G, H, I, K, L, M, P, Q, R» S, T, V, W, or Y; and/or 
N88A, C, D, E, F, G, H, I, K, L, M, P, Q, R, S, T, V. W. or Y; and/or 

30 Wl llA, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T, V, W or Y; and/or 
VI 1 2A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T, W, or Y; and/or 
Al 14C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T, V, W, or Y; and/or 
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YIHA, C, D, E, F, G, H, 1, K, L, M, N, P, Q, R, S, T, V, or W; and/or 
LI 1 8A, C, D, E, F, G, H, I, K, M, N, P, Q. R, S, T, V, W, or Y; and/or 
P156A, C, D, E. F, G, H, 1, K, L, M, N, Q, R, S, T, V, W, or Y; and/or 
Dl 57A, C, E, F, G. H, I, K, L, M, P, Q, R, S, T, V, W, or Y; and/or 
5 Gl 59A, C, D, E, F, H, I, K, L, M, N, P, Q, R, S, T, V, W, or Y; and/or 
Ql 60A, C, D, E, F, G, H, I, K, L, M, N, P, R, S, T, V, W, or Y; and/or 
Ml 61 A, C, D, E, F, G, H, I, K, L, M P. Q, R, S, T. V, W, or Y; and/or 
P162A, C, D, E, F, G, H, I, K, L, M, N, Q, R. S. T. V, W. or Y; and/or 
SI 63A, C, D, E, F, G, H, I, K, L. M, N, P, Q, R, T, V, W, or Y; and/or 
1 0 Al 64C, D, E, F, G, H, I, K, L, M, N, P, Q, R. S, T, V. W, or Y; and/or 
Rl 65A, C, D, E, F, G, H, I, K, L, M, N, P, Q, S, T, V, W, or Y; and/or 
SI 66A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, T, V, W, or Y; and/or 
. Ql 67A, C, D, E, F, G, H, I, K, L, M, N, P, R, S, T, V, W, or Y; and/or 
K168A, C, D, E, F, G, H, I, L, M, N. P, Q. R, S, T, V, W, or Y; and/or 
15 VI69A, C, D, E, F, G, H, I, K, L, M, N, P. Q, R, S, T, W, or Y; and/or 
V170A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T, W, or Y; and/or 
E171 A, C, D, F, G, H, 1, K, L, M, N, P, Q, R, S, T, V, W, or Y; and/or 
A172C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T, V, W, or Y; and/or 
Yl 79A, C, D, E, F, G. H, I, K, L, M, N, P, Q, R, S. T, V, or W; and/or 
20 HI 80A, C, D, E, F, G, I, K. L, M, P, Q, S, T, V, W, or Y; and/or 
Nl 81 A, C, D, E, F, G, H, I, K, L, M, P, Q, R, S, T, V, W, or Y; and/or 
Ql 82A, C, D, E, F, G, H, I, K, L, M, N, P, R, S, T, V, W, or Y, preferably K; and/or 
M209A, C, D, E, F, G, H. I, K. L. N, P, Q. R. S, T, V, W, or Y; and/or 
L210 A, C. D, E, F, G, H, I, K. M, N, P, Q, R, S, T, V, W, or Y; and/or 
25 R21 1 A, C, D, E. F, G. H, I, K, L, M, N, P. Q, R, S, T, Y, W, or Y; and/or 
N215 A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T, V, W, or Y; and/or 
Y226A, C, D. E, G, H, I, K, L, M, N. P, Q, R, S, T, V, or W; and/or 
Y230A, C, D, E. G, H, I, K, L. M, N, P, Q, R, S, T, V or W; and/or 
K284A, C, D, E, F, G, H, I, L, M, N, P. Q, R, S, T, V, W, or Y; and/or 
30 M285A, C, D, E, F, G, H, I, K. L, N, P, Q, R, S, T, V, W, or Y; and/or 
Q289A, C, D, E, F, G, H, I, K, L, M, N, P, R, S, T, V, W, or Y; and/or 
V290A, C, D, E, F, G, H, I, K, L, M, N. P, Q, R, S, T, W, or Y; and/or 
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E309A, C, D, F, G, H, I, K, L, M, N, P, Q, R, S, T, V, W, or Y; and/or 
S3 1 OA, C, D, F, G, H, I, K, U M, N, P, Q, R, T, V, W, or Y. 

In addition or alternatively thereto th^e may be one or more C-tenninal extensions. 
5 Preferably the additional C-terminal extension is comprised of one or more aliphatic 
amino acids, preferably a non-polar amino add, more preferably of I, L, V or G. Thus, 
the present invention furtha- provides for a variant enzyme comprising one or more of 
the following C-terniinal extensions: 3181, 318L, 318V, 318G. 

10 When it is the case that the residues in the parent backbone differ from those in 
PI 0480 (SEQ ID No. 2), as determined by homology alignment and/or structural 
alignment to PI 0480 and/or IIVN, it may be desirable to replace the residues which 
aliga to any one or more of the following amino acid residue in PI 0480 (SEQ ID No. 
2): SerS, Leul7, Lys22, Met23, Gly40, AsnSO, ProSl, Lys82, Asn87, Asn88, Trplll, 

15 Vail 12, Ala] 14, Tyrl 17, LeullS, Prol56, Glyl59, Ghil60, Asnl61, Prol62, Serl63, 
Alal64, Argl65, Serl66, Gbil67, Lysl68, Vall69, Vall70, Glul71, Alal72, Tyrl79, 
Hisl80, Asnl81, Glnl82, Met209, Leu210, Arg211, Asn215, Lys284, Met285, 
Gln289, Val290, Glu309 or Ser310, with the residue found in P10480 respectively. 

20 Variant enzymes which have a decreased hydrolytjc activity against a phospholipid, 
such as phosphatidylcholine (PC), may also have an increased transferase activity from 
a phospholipid. 

Variants enzymes which have an ino-eased transfease activity from a phospholipid, 
25 such as phosphatidylcholine (PC), may also have an increased hydrolytic activity 
against a phospholipid, 

Suitably, one or more of the following sites may be involved in substrate binding: 
Leul7; Alal 14; Tyrl 79; HislSO; Asnl 81; Met209; Leu210; Arg21 1; Asn215; Lys284; 
30 Met285; Gta289; Val290. 
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1. Modification of one or more of the following residues may result in a variant 
enzyme having an increased absolute transferase activity against phospholipid: 

S3, D157. S310. E309, Y179, N215, K22, Q289, M23, H180. M209, L210, R211, P81, 
5 VI 12, N80, L82, N88; N87 

Spedfic modifications which may provide a variant enzyme having an improved 
transferase activity from a phospholipid may be selected from one or more of the 
following: 

1 0 S3A, C, D, E. F, G, H, I. K, L, M, N, P. Q, R, T, V, W or Y; preferably N, E, K, R, A, 
P or M, most preferably S3 A 

Dl 57A, C, E, F, G, H, I. K, L, M, N, P, Q, R, S, T, V, W or Y ; preferably Dl 57S, R, 
E,N.G,T,V,Q,KorC 

S310A, C, D, E, F. G, H, I, K, L, M,N. P, Q, R, T, V, W or Y; preferably S310T 
15 -318 E 

B309A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, T, V, W or Y; preferably E309 R, E, 
L,Ror A 

Y179A, C, D, E, F, G, H, I. K, L, M, N, P, Q, R, S, T, V or W; preferably Y179 D, T, 
E, R, N, V, K, Q or S, more preferably E, R, N, V, K or Q 
20 N215A, C, D, E, F, G, H, I, K, L, M, P, Q, R, S, T, V, W or Y; preferably N21 5 S, L, 
RorY 

K22A, C, D, B, F, G, H, I, L, M, N, P, Q, R, S. T, V, W or Y; preferably K22 E, R, C 
or A 

Q289A, C, D, E, F, G, H, I, K, L, M, N, P, R, S, T, V. W or Y; preferably Q289 R, E, 
25 G,PorN 

M23A, C, D, E, F, G, H, I, K, L N, P, Q, R, S, T, V, W or Y; preferably M23 K, Q, L, 
G,TorS 

H180A, C, D, E, F, G, I, K, L, M. P. Q. R, S, T, V, W or Y; preferably HI 80 Q, R or K 
M209 A, C, D. E, F. G, H, I, K, L, N, P, Q, R, S, T, V, W or Y; preferably M209 Q. S. 
30 R,A,N,Y,E,VorL 

L210A, C, D, E, F, G, H, I, K, M, N, P, Q, R, S, T, V, W or Y; preferably L21 0 R, A. 
V,S,T,I,WorM 
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R21 1 A, C, D, E, F, G, H, I, K. L, M, N, P. Q, S, T, V, W or Y; prefeably R21 IT 
P81 A, C, D, E, F, G, H, I, K, L, M, N. Q. R, S, T, V, W or Y; preferably P81 G 
VI 12A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S. T, W or Y; preferably V112C 
N80A, C, D, E, F, G, H, I, K, L, M, P, Q, R, S, T, V, W or Y; preferably N80 R, G, N, 
5 D,P,T,E,V,AorG 

L82A, C, D, E, F, G, H, I, M, N, P, Q, R, S, T, V, W or Y; preferably L82N, S or E 
N88A, C, D, E, F, G, H, 1, K, L, M, P, Q, R, S, T, V, W or Y; preferably N88C 
N87A, C, D, E, F, G, H, I, K, L, M, P, Q, R, S, T, V, W or Y; preferably N87M or G 

1 0 Modification of one or more of the following residues results in a variant enzyme 
having an increased absolute transferase activity against phospholipid: 

S3N,R,A,G 
M23K,Q,L,G,T,S 
15 H180R 
L82G 

Y179E,R,N,V,KorQ 
E309R,S,LorA 

20 One preferred modification is N80D, This is particularly the case when using the 
reference sequence SEQ ID No. 35. Therefore in a preferred embodiment of the 
present invention the lipid acyltransferase according to the present invention comprises 
SEQ ID No. 35. 

25 As noted above, when referring to specific amino acid residues herein the numbering 
is that obtained from alignment of flie variant sequence with the reference sequraice 
shown as SEQ ID No. 34 or SEQ ID No. 35 

Mudi by preferraice, the lipid acyltransferase for use in the method and uses of the 
30 present invention may be a lipid acyltransferase comprising tiie amino add sequence 
shown as SEQ ID No. 16 (Figure 10), or an amino acid sequence which has 75% or 
more, preferably 85% or more, more preferably 90% or more, even more prefwably 
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95% or more, even more preferably 98% or more, or even more preferably 99% or 
more identity to SEQ ID No. 1 6. This enzyme may be considered a variant enzyme. 

For the avoidance of doubt, whai a particular amino acid is taught at a specific site, for 
5 instance LI 1 8 for instance, this refers to the specific amino acid at residue number 1 1 8 
in SEQ ID No. 34 unless otherwise stated. However, the amino acid residue at site 
1 1 8 in a diff^ent parent ^izyme may be different firom leucine. 

Thus, when taught to substitute an amino acid at residue 118, altbou^ reference may 
10 be made to LI 1 8 it would be readily understood by the skilled person that whai the 
parent enzyme is oth©- than that shown in SEQ ID No. 34, the amino acid being 
substituted may not be leucine. It is, therefore, possible that when substituting an 
amino acid sequence in a parent enzyme which is not the enzyme having the amino 
acid sequence shown as SEQ ID No. 34, the new (substituting) amino acid may be the 
15 same as that taught in SEQ ID No. 34. This may be the case, for instance, where the 
amino acid at say residue 1 18 is not leucine and is, therefore different firom the amino 
acid at residue 1 18 in SEQ ID No. 34. In other words, at residue 1 18 for example, if 
the parent enzyme has at that position an amino acid other than leucine, this amino 
acid may be substituted vrith leucine in accordance with the present invention. 

20 

For the purposes of the present invention, the degree of identity is based on the number 
of sequence elem«its whidh are the same. The degree of identity in accordance vrith 
the present mvention may be suitably determined by means of computer programs 

25 known in the art, such as GAP provided in the OCG program package (Program 
Manual for the Wisconsin Package, Version 8, August 1994, Genetics Computer 
Group, 575 Science Drive, Madison, Wisconsin, US5371 1) (Needleman & Wunsch 
(1 970), J. of Molecular Biology 48, 443-45) using the following settings for 
polypeptide sequence comparison: GAP creation penalty of 3.0 and GAP extension 

30 penalty of O.K Suitably, the degree of identity with regard to an amino acid sequence 
is determined over at least 20 contiguous amino adds, preferably over at least 30 
contiguous amino adds, preferably ovct at least 40 contiguous amino adds, preferably 
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over at least 50 contiguous amino adds, preferably over at least 60 contiguous amino 
acids. 

Suitably, the lipid acyltransferase enzyme according to the present invention may be 
5 obtainable, preferably obtained, from organisms from one or more of the following 
genera: Aeromonas, Streptomyces, Saccharomyces, Lac^ococcus, Mycobacterium, 
Streptococcus, Lactobacilhis, Desulfitobacterium, Bacillus, Campylobacter, 
Vibrionaceae, Xylella, Sulfolobus, Aspergillus, Schizosaccharomyces, Listeria, 
Neisseria, MesoAizobium, Ralstonia, Xanfhomonas, Candida, Thermobifida and 
10 Coiynebacterium. 


Suitably, the lipid acyltransferase enzyme according to the present invention may be 
obtainable, preferably obtained, from one or more of the following organisms: 
Aeromonas hydrophila, Aeromonas salmonicida, Streptomyces coelicolor, 

15 Streptomyces rimosus, Mycobacterium, Streptococcus pyogenes, Lactococcus lactis. 
Streptococcus pyogenes. Streptococcus thermophilus, Streptomyces ihermosacchari, 
Streptomyces avennitilis Lactobacillus helveticus, Desulfitobacterium dehalogenans. 
Bacillus sp, Campylobacter Jejuni Vibrionaceae, Xylella fastidiosa, Sulfolobus 
solfataricus, Saccharomyces cerevisiae, Aspergillus terreus, Schizosaccharomyces 

20 pombe. Listeria inrwcua. Listeria monocytogenes. Neisseria meningitidis, 

Mesorhizobium loti, Ralstonia solanacearum, Xanthomonas campestris, Xanthomonas 
axonopodis , Candida parapsilosis Thermobifida fusca and Corynebacierium efficiens. 

In one aspect, preferably the lipid acjdtransferase enzyme according to the present 
25 invention is obtainable, preferably obtained, from one or more of Aeromonas 
hydrophila or Aeromonas salmonicida. 

In one ranbodiment suitably the stccol and/or stanol may comprise one or more of the 
following structural features; 
30 i) a 3-beta hydroxy group or a 3-alpha hydroxy group; and/or 

it) A:B rings in the ds position or A:B rings in the trans position or C5-C6 is 
imsaturated. 
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Suitable sterol acyl acceptors include cholesterol and phytosterols, for example alpha- 
sitosterol, beta-sitosterol, stigmasterol, ergosterol, campesterol, 5,6-dihydrosterol, 
brassicasterol, alpha-spinastOT)l, beta-spinasterol, gamma-spinasterol, deltaspinasterol, 
5 fijcosterol, dimosterol, ascosterol, serebisterol, epistm)!, anasterol, hyposterol, 
chondrillasterol, desmosterol, chalinosterol, poriferasterol, clion^terol, sterol 
glycosides, tocopherol, tocotri^ol and other natural or synthetic isomeric forms and 
derivatives. 

1 0 Advantageously, in one embodimeait, the sterol acyl acceptor is tocopherol. Suitably 
the tocopherol may be one or more of gamma, delta, beta or d-alpha tocopherol - 
including d-alpha tocopherol acid succinate for example. In one embodiment, 
preferably the sterol acyl acceptor is alpha-tocopheml. 

15 In one embodiment, preferably the method according to the present inv^tion includes 
the step of adding tocopherol, preferably alpha-tocopberol, to the oil. 

in one aspect, preferably tbe sterol acyl acceptor is cholesterol. 

20 In one aspect, preferably the sterol and/or stanol acyl acceptor is a sterol and/or a 
stand other than cholesterol. 

In one aspect of the present inv^tion suitably more than one sterol and/or stanol may 
act as the acyl acceptor, suitably more than two stwols and/or stanols may act as the 

25 acyl acceptor. In other words, in one aspect of the present invention, suitably more 
than one sta-ol ester and/or stanol ester may be produced. Suitably, when cholesterol 
is the acyl accq)tor one or more further sterols or one or more stanols may also act as 
the acyl acceptor. Thus, in one aspect, the present invention provides a method for the 
in situ production of both a tocopherol ester and at least one other steml or stanol ester 

30 in combination- In other words, the lipid acyltransferase for some aspects of the 
present invention may transfer an acyl group from a lipid to both tocopherol and at 
least one further sterol and/or at least one stanol. 
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In some aspects, the oil prepared in accordance with the present invention may be used 
to reduce the risk of cardiovascolar diseases. 

5 In one aspect, the oil prepared in accordance with the present inv^tion may be used to 
reduce blood serum cholesterol and/or to reduce low density lipoprotein. Blood serum 
cholesterol and low density lipoproteins have both beoi associated with cotain 
diseases in humans, such as atherosclerosis and/or hem ^isease for example. Thus, it 
is envisaged that the oils prepared in accordance with the present invention may be 
10 used to reduce the risk of such diseases. 

In another aspect the present invention provides the use of an edible oil according to 
the present invention for use in the treatment and/or prevention of cardiovascular 
diseases. 

15 

Thus, in one aspect the present invention provides the use of an edible oil according to 
the present invention for use in the treatment and/or prevention of atherosclerosis 
and/or heart disease. 

20 In a fiirther aspect, the present invention provides a medicament comprising an edible 
oil according to the present invention. 

In a further aspect, the present invention provides a method of treating and/or 
preventing a disease in a human or animal patient which method comprising 
25 administering to the patimt an effective amount of an edible oil according to the 
present invention. 

Suitably the stw)! acyl acceptor may be one whidi is naturally found in edible or 
vegetable oils. 

30 

Alternatively, or in addition, the sterol acyl acceptor may be one which added to the 
edible or vegetable oil. 
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When it is the case that a sterol and/or a stanol is added to the edible oil> the sterol 
and/or stanol may be added before, simultaneously with, and/or after the addition of 
the lipid acyltransferase according to the present invaition. Suitably, the present 
5 invention may encompass the addition of exogenous sterols/stanols, particularly 
phytost^ols/phytostanols, to an edible or vegetable oil prior to or simultaneously with 
the addition of the enzyme according to the present inv^tion. 

For some aspects, one or more sterols present in the edible oil may be converted to one 
] 0 or more stanols prior to or at the same time as the hpid acyltransferase is added 
according to the present invention. Any suitable mefliod for converting sterols to 
stanols maybe employed. For example, the conversion may be carried out by chemical 
hydrogenation for example. The conversion may be conducted prior to the addition of 
the lipid acyltransferase in accordance with the presait invention or simultaneously 
1 5 with the addition of the lipid acyltransferase in accordance with the present invention. 
Suitably enzymes for the conversion of sterols to stanols are taught in WOOO/061 77 L 

Suitably the present invention may be employed to produce phytostanol estm in situ 
in an edible oiL Phytostanol esters have increased solubility through lipid membranes, 
20 bioavailabihty and enhanced health benefits (see for example WO92/99640). 

An advantage of the present invention is that sterol and/or stanol esters are produced in 
the edible oil during the degumming thereof A fiirther advantage is that enzyme is 
degumimed without an increase, or a substantial, ina*ease, in the free fatty acid content 

25 of the edible oil. The production of free fatty adds can be detrimental in the edible oil. 
Preferably, the method according to fte present invention results in the degonmiing of 
an edible oil wherein the accumulation of free fatty adds is reduced and/or eliminated. 
Without wishing to be bound by theory, in accordance with the present invention the 
fatty add which is ranoved from the lipid is transferred by the lipid acyltransferase to 

30 an acyl acceptor, for example a sterol and/or a stanol. Thus, the overall level of free 
fatty adds in the foodstuff does not increase or increases only to an insignificant 
degree. This is in sharp contradistinction to the situation when phospholipases, such as 
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Lecitase Ultra™ are used in enzymatic degumming of edible oils. In particular, the 
use of such phospholipases can result in an increased amount of free fatty add in the 
edible oil, which can be detrimental. In accordance with the present invention, the 
accumulation of free fatty acids is reduced and/or eliminated when compared with the 
5 amount of free fatty acids which woxild have been accumulated had a phosphoUpase A 
enzyme, such as Lecitase Ultra™, been used in place of the lipid acyltransfra-ase in 
accordance with the present invention. 

A lipid acyl transferase according to the present invention may be suitable for use in 
10 the enzymatic degumming of vegetable or edible oils, to processing of vegetable or 
edible oil the edible or vegetable oil is treated with a lipid acyl transferase according to 
the present invention so as to hydrolyse a major part of the phospholipid. Preferably, 
the fatty acyl groups are transferred from the polar lipids to an acyl acceptor. The 
degumming process typically results in tiie reduction of the content of the polar lipids, 
1 5 particularly of phosphoKpids, in an edible oil due to hydrolysis of a major part (i.e, 
more than 50%) of the phospholipid. Typically, the aqueous phase containing the 
hydrolysed phospholipid is separated from the oil. Suitably, the edible or vegetable oil 
may initially (pre-treatm^t with the enzyme according to the present invention) have 
a phosphorus content of 50-250 ppm. 

20 

As the skilled p^on is aware, the term "degumming"" as used herein means the 
refining of oil by converting phosphatides (such as lecithia, phospholipids and 
occluded oil) into hydratable phosphatides. Oil whidi has been degummed is more 
fluid and thus has better handling properties than oil which has not heen degummed. 

25 

The term 'transferase" as used heanein is interchangeable with the term *1ipid 
acyltransferase". 

Suitably, the lipid acyltransferase as defined h&rein catalyses one or more of the 
30 following reactions: interesterification, transesterification, alcoholysis, hydrolysis. 
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The term "inteesterification" refers to the oizymatic catalysed transfer of acyl groups 
between a lipid donor and lipid acceptor, wherein the lipid donor is not a free acyl 
group. 

5 The term *transesterification" as used herein means the enzymatic catalysed transfer of 
an acyl group from a lipid donor (other than a free fatty acid) to an acyl acceptor (other 
than water). 

As used herein, fee term "alcoholysis" refers to the enzymatic cleavage of a covalent 
10 bond of an acid derivative by reaction with an alcohol ROH so that one of the products 
combines with the H of the alcohol and the other product combines with the OR group 
of the alcohol. 

As used herein, the term "alcohor' refers to an alkyl compound containing a hydroxyl 
15 group. 

As used herein, the term 'liydrolysis" refers to the enzymatic catalysed transfer of an 
acyl group from a lipid to fte OH group of a water molecule. 

20 The term 'S?wthout increasing or without substantially increasing the free fatty acids" 
as used herein means that preferably the lipid acyl transferase according to the present 
invention has 1 00% transferase activity (i.e. transfers 1 00% of the acyl groups from an 
acyl donor onto the acyl acceptor, with no hydrolytic activity); however, the enzyme 
may transfer less than 100% of the acyl groups present in the lipid acyl donor to the 

25 acyl acceptor. In which case, preferably the acyltransferase activity accounts for at 
least 5%, more preferably at least 10%, more preferably at least 20%, more preferably 
at least 30%, more preferably at least 40%, more preferably 50%, more preferably at 
least 60%, more preferably at least 70%, more preferably at least 80%, more 
preferably at least 90% and more preferably at least 98% of the total enzyme activity. 

30 The % transferase activity (i.e. the transferase activity as a percratage of the total 
enzymatic activity) may be determined by the foUovmg protocol: 
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Enzyme suitable for use in the methods of the invention preferably have phospholipase 
activity in a standard phospholipase activity assay taught hereinbelow. 

Determiiiation of phospholipase activity (phospholipase activity assay (PLU-7)): 

5 

Substrate 

0.6% L-a Phosphatidylcholine 95% Plant (Avanti #441601), 0,4% Triton-X 100 
(Sigma X-1 00) and 5 noM CaCl2 was dispersed in 0.05M HEPES buffer pH 7. 
Assay procedure: 

1 0 400 jiL substrate was added to a 1 .5 mL Bppettdorf tube and placed in an Eppendorf 
ThOTnomixer at 37**C for 5 minutes. At time t= 0 min, 50 p.L enzyme solution v^^as 
added. Also a blank with water instead of enzyme was analyzed. The sample was 
mixed at 10x100 rpm in an Eppendorf Thermomixer at 37^C for 10 minutes. At time 
t=10 min the Eppendorf tube was placed in another thermomixer at 99°C for 10 

1 5 minutes to stop the reactiorL 

Free fatty acid in the samples was analyzed by using the NEFA C kit from WAKO 
GmbH. 

Enzyme activity PLU-7 at pH 7 was calculated as micromole fetty acid produced per 
minute under assay conditions. 

20 

More preferably the lipid acyl-transferase will also have transferase activity as defined 
by the protocol below: 

Protocol for the determination of % acyltransferase activity: 

25 

An edible 6il to which a lipid acyltransferase according to the present invention has 
been added may be extracted following the enzymatic reaction with CHC13:CH30H 
2:1 and the organic phase containing the lipid matoial is isolated and analysed by 
GLC and HPLC according to the procedure detailed hereinbelow. From the GLC and 
30 HPLC analyses the amount of free fatty adds and one or more of sterol/stanol esters; 
are determined- A control edible oil to which no «izyme according to the present 
invention has be^ added, is analysed in the same way. 
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Calculation: 

From the results of Ae GLC and HPLC analyses the increase in free fatty adds and 
sterol/stanol esters can be calculated: 

A % fatty acid == % Fatty acid(enzyme) - % fatty acid(control); Mv fatty acid = 
5 average molecular weight of the fatty acids; 

A = A % sterol ester/Mv sterol ester (where A % sterol ester = % st«rol/stanol 
esta-Cenzyme) - % sterol/stanol ester(controI) and Mv st^ol ester = average molecular 
weight of the sterol/stanol esters); 

1 0 The transferase activity is calculated as a percmtage of the total enzymatic activity: 

% transferase activity = A x 100 

A+A % fatty acid/(Mv fatty add) 

15 If the free fatty adds are increased in the edible oil they are preferably not increased 
substantially, i.e. to a significant degree. By this we mean, that the increase in free 
fatty acid does not adversely affect die quality of the edible oil. 

The edible oil used fox the acyitransferase activity assay is prefw^ly the soya bean oil 
20 supplemented with plant sterol (1 %) and phosphatidylcholine (2%) oil using the 

method in Example 3. For the assay the enzyme dosage used is preferably 0.2 PLU-7/g 
oil, more preferably 0.08 PLU-7/g oil. The leN^el of phospholipid present in the oil 
and/or the % conversion of sterol is preferably determined after 4 hours, more 
preferably after 20 hoxirs. 

25 

In some aspects of the preset invention, the term *Vithout substantially increasing 
bee fatty adds" as used h^in means that the amount of fiw fatty add in a edible oil 
treated v^dth an lipid acyitransferase according to the present invention is less than the 
amoimt of free fatty add produced in the edible oil when an enzyme other than a lipid 
30 acyitransferase according to ttie present invention had been used, such as for example 
as compared with the amount of free fatty add produced when a conventional 
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phospholipase enzyme, e.g. Lecitase Ultra™ (Novozymes A/S, Denmark), had been 
used. 

In addition to, or instead of, assessing the % transferase activity in an oil (above), to 
5 idCTtify the lipid acyl transferase enzymes most preferable for use in the methods of 
the invention the following assay ^titled 'Trotocol for identifying lipid 
acyitransferases for use in the present invaition" can be employed. 

Protocol for identifymg lipid acyitransferases 

10 

A lipid acyltransferase in accordance with the present invention is on which results in: 

i) the removal of phosphohpid present in a soya bean oil supplemented with 
plant sterol (1%) and phosphatidylcholine (2%) oil using the method taught 
in Example 3. 

15 and/or 

ii) the conversion (% convCTsion) of the added sterol to sterol-estea: when 
using the method tau^t in Example 3. The GLC method for det^nining 
the level of sterol and sterol esters as taught in Example 5 may be used. 

20 For the assay the enzyme dosage used may be 0 J2 PLU-7/g oil, preferably 0.08 PLU- 
7/g oil. The level of phospholipid present in the oil and/or the conversion (% 
conversion) of sterol is preferably determined after 4 hours, more preferably after 20 
hours. 

25 In the protocol for identifying lipid acyl transferases, after enzyinatic treatment. 5% 
watfiar is preferably added and thoroughly mixed with the oil. TTie oil is then separated 
into an oil and water phase using centrifugation (see ''Enzyme-catalyzed degumming 
of vegetable oils*' by Buchold, H. and Laur^ A.-G., Fett Wiss^chaft Technologie 
(1993), 95(8), 300-4, ISSN: 0931-5985), and the oil phase can thCT be analysed for 

30 phosjAorus cont^t using the foUowmg protocol ("Assay for Phosphorus Content''): 
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Assay for Phosphorus Content 

The level of phospholipid present in an oil after degumming is detennined by first 
preparing the oil sample according to the sample preparation taught in the AOAC 
Official Method 999.10 (>Lead, Cadmium, Zinc, Copper, and Iron in Foods Atomic 

5 Absorption Spec^ophotometry after Microwave Digestion, First Action 1 999 NMKI^ 
AOAC Method). The amount of phospholipids in the oil is then measured by 
analysing the phosphorus cont^t in the oil sample after degumming accordmg to the 
AOAC Official Method 985.01 (>Metals and Other Elem^ts in Plants and Pet Foods 
Inductively Coupled Plasma Spectroscopic Method First Action 1985 Final Action 

10 1988). 

The amount of phosphorus present in the oil afl^ degumming is preferably less than 
50 ppm, preferably less flian 40ppm, prefeably less than 30ppm, preferably less than 
20ppm, preferably less ftan lOppm, preferably less than 5ppm. The oil after 
1 5 degumming, as illustrated in the examples may be substantially free of phospholipid, 
i.e. contain less than Ippm phospholipid. 

The % conversion of the sterol present in the oil is at least 1 %, preferably at least 5%, 
preferably at least 10%, preferably at least 20%, preferably at least 30%, preferably at 
20 least 40%, preferably at least 50%, pref^ably at least 60%, preferably at least 70%, 
preferably at least 80%, preferably at least 90%, preferably at least 95%. 

In one embodiment the % conversion of the st^ol present in the oil is at least 5%, 
preferably at least 20%. 

25 

Low Water Degumming 

It has surprisingly been found that when a lipid acyl transferase is used in a process of 
enzymatic degumming of an edible oil, the enzymatic degumming can be paformed in 
30 a very low water environment Some water may still be required, for example wh^ 
adding the enzyme to the oil the oazyme may be added in small amount of watear, such 
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as less than 1%, preferably 0.5%, more preferably less than 0.2%, more preferably less 
thanl%. 

Preferably the water content of the edible oil in the processes and uses according to the 
5 present invention is less than 1 %, preferably less than 0.5%, more preferably less than 
0.2%, more preferably less than 0.1%. 

Thus, one advantage of flie present inv^tion is that when only a small amount of 
water (i.e. <5%, preferably <1%. preferably <0.5%, preferably <02%) is used during 
10 the enzymatic degumming the gums (i.e. the phosphorus containing portion) separates 
from the oil, for example in the form of a solid precipitate. The solid precipitate can be 
readily removed from the degummed oil by methods sudi as simply decanting the oil 
or removing or the gum by filtration for example, 

1 5 This contrasts sharply with conventional enzymatic degumming processes in which a 
significant amount of water is added to the oil. This is because in the conventional 
enzymatic degumming processes post-degumming because of the high water content, 
one obtains a water layer which comprises the phosphorus containing portion (for 
example that portion comprising lysophospholipids). Tliis water lay must be removed 

20 and can be removed by centrifiigation for example. However, the removal of the water 
layer is significantly more difiBcult that the removal of the solid precipitate obtained 
whoa using the process of the present invention. 

Therefore the enzymatic degununing process according to the preset invention could 
25 be consido'ed as a "low water degunmung process". 

In one embodimrot of the present invention, the gum may be removed by adjusting the 
oil to 5% wator followed by centrifiigation of the oil. (see ''Enzyme-catalyzed 
degunraning of vegetable oils" by Buchold, H. and Laurgi A.-G., Fett Wissenschaft 
30 Technologic (1993), 95(8), 300-4), 
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Therefore, the invention provides a process for the degumming of an edible oil, such 
as a crude edible oil (for example a crude soya oil), without the need for either a 
prewashing step prior to degunming and/or a step of removing the watsr added during 
degumming, which is required when using conventional phospholipases such as 
5 pancreatic phospholipase and Ledtase Ultra™ 

Preferably, the edible oil has a less than a 4.5% water content, more preferably less 
than 4%, loss than 3%, less than 2%, less than 1%, less than 0.5%. 

10 Suitably, the edible oil may contain at least 0.1% water, such as at least 0.3%, 0*4% or 
0.5%. 

Preferred lipid acyltransfo-ases for use in the present invaition are identified as those 
which have a high activity such as high phospholipid hydrolytic activity or hi^ 
15 phospholipid transferase activity on phospholipids in an oil environment, most 
preferably lipid acyl transferases for use in enzymatic degumming have a high 
phospholipid to sterol transferase activity. 

As detailed above, other acyl-transferases suitable for use in the methods of the 
20 invmtion may be identified by identifying the presence of the GDSx, GANDY and 
HPT blocks dther by alignment of the pFam00657 consensus sequence (SEQ ID No 
1), and/or alignment to a GDSx acyltransferase, for example SEQ ID No 28. In order 
to assess their suitability for degumming, i.e. identify those enzymes which have a 
transferase activity of at least 5%, more preferably at least 1 0%, more preferably at 
25 least 20%, more preferably at least 30%, more preferably at least 40%, more 

preferably 50%, more preferably at least 60%, more preferably at least 70%, more 
preferably at least 80%, more preferably at least 90% and more preferably at least 98% 
of the total enzyme activity, such acyltransferases are tested using the "Protocol for the 
determination of % acyltransferase activity^ assay detailed hereinabove. 

30 
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The presrat inv^tion relates to the use of a lipid acyl transfease according to the 
present invention in degumming edible vegetable oils and/or edible oils and to 
methods for degumming edible or vegetable oSs. 

In one aspect, the present invention may provide a method comprising using a lipid 
acyl transferase to remove the non-hydratable phosphorus (NHP) cpnteat in oil 
comprising a relatively hi^ amotmt of NHP. 

The term "edible oil" as uses herein may encompass veg^ble oils. 

Preferably, the edible oil prior to treatment in accordance with the present invention 
comprises a non-hydratable phosphorus content of 50-250ppm, preferably at least 60 
ppm, more preferably at least 1 00 ppm, and even more pref^ably at least 200 ppm, 
even more preferably above 250ppm. 

More preferably, the edible oil prior to treatmoit in accordance with the pr^ent 
invration comprises a non-hydratable phosphorous content in the range of 60-500 
ppm, more preferably in the range of 100-500 ppm, and even more preferably in the 
range of 200-500 ppm. 

An edible oil as referred to herein may be any oil having a relatively high amount of a 
non-hydratable phosphorus, tiiis may include water degummed oil, or more preferably 
this is a crude-oil or a semi-crude oil. 

In one aspect, the crude edible oil has, prior to carrying out the method of the 
invention, a phosphorous content above 350 ppm, more preferably above 400 ppm, 
even more preferably above 500 ppm, and most preferably above 600 ppm. 

Oils ^compassed by the method according to the present invmtion may include, but 
are not limited to, one or more of soya bean oil, canola oil, corn oil, cottonseed oil, 
palm oil, coconut oil, peanut oil, olive oil, safflower oil, pahn kernel oil, rape seed oil 
and simflower oil. 
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Preferably, the oil is one or more of soya bean oil, sunflower oil and rape seed oil 
(sometimes referred to as canola oil). 

5 More preferably^ the oil is one or more of soya bean oil, sunflower oil or rape seed oil. 
Most preferably, the oil is soya bean oil. 

These oils may be. in the form of a crude oil, a sraricrude oil, or a water-deguramed 
10 oil. 

As used herein, "arude oil" (also referred to herein as a non-degummed oil) may be a 
pressed or extracted oil or a mixture thereof fwm e.g. rapeseed, soybean, or sunflower. 
The phosphatide content in a crude oil may vary jfrom 0,5-3% wAv corresponding 
15 to a phosphorus content in the range of 200-1200 ppm, more preferably in the range of 
250-1200 ppm. Apart from &e phosphatides the crude oil also contains small 
concentrations of carbohydrates, sugar compoutnds and metal/phosphatide acid 
complexes of Ca, Mg and Fe, 

20 As used herein, "semicaude oil'' refm to any oil which is not a crude oil, but which 
has a phosphatide content above 250 ppm, more preferably above 500 ppm. Such an 
oil could e.g. be obtained by subjecting a crude oil to a process similar to the "water 
degumming"* process described below. 

25 As used herein, 'Vater-degummed oil" may be typically be obtained by a "water 

degunmiing process*' comprising mixing 1-3% w/w of hot wat^ with warm (60-90°C) 
OTide oil. Usual treatment periods are 30-60 minutes. The water-4egumming step 
removes the phosphatides and mucilaginous gums whidi become insoluble in the oil 
when hydrated. The hydrated phosphatides and gums can be separated from the oil by 

30 settling, filtration or centrifugation - centrifugation being the more prevalent practice. 
The essential object in said water-degumming process is to sq)arate the hydrated 
phosphatides from the oil. The mixing of hot water into flie oil, described above. 
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should herem be understood broadly as mixing of an aqueous solution into the oil 
according to standard water-degumming procedures in the art 

Advantageously, the method and uses of the present invention enable degumming of 
edible oils in a low waXcc (<5%, preferably less than 2%, more preferably less than 
1%) environments. Therefore degumming can be performed with adding less water 
than when using conventional enzymes. A further advantage of the present invention is 
the production of sterol esters (in particular tocopherol esters) in the oil. A yet further 
advantage of the present invention is removal (pref^ly complete removal) of 
phospholipids. A further advantage of the present invention is the removal (preferably 
complete removal) of phospholipids without removal of phytosterol, and in particular 
tocopherol. It is preferred that, due to the esterification of the phytosterol, there is no 
significant rraioval of phytosterols such as tocopherol from the oil instead they are 
simply esterified. However, in one embodiment the amount of phytosterol sudi as 
tocopherol may be reduced. In such embodiments the absolute levels of phytosterol 
such as tocopherol may be reduced by preferably no more than 10%, alternatively no 
more than 25%, alternatively no more than 50%, altmiatively no more than 75%. A 
yet further advantage of the present invention is the removal (preferably complete 
removal) of phosphoHpids without hydrolysis of triglycerides. 

For the ease of refercaice, these and furth^ aspects of the present invention are now 
discussed under appropriate section headings. However, the teachings under each 
section are not necessarily limited to each particular section. 

DEFINITION OF SETS 
Amino acid set 1 : 
Amino add set 1 

GlyS, Asp9, Serl 0, Leul 1, SerI2, TyrlS, Gly44, Asp45, Thr46, Glu69, Leu70, Glv7h 
Gly72, Asn73, Asp74, Gly75, Leu76, Ghil06, Ilel07, ArglOS, Leul09, Prol 10, 
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Tyrin, Phe]2I, Phel39, Phel40, MetHl, Tyrl45, MetlSK Aspl54. Hisl57. Glyl55, 
nel56 .Pn)158 

The highly conserved motifs, such as GDSx and catalytic residues, were deselected 
5 from set 1 (residues xmd^lined). For the avoidance of doubt, set 1 defines fte amino 
acid residues within lOA of the central carbon atom of a glycerol in the active site of 
the irVN model. 

Amino acid set 2: 

10 

Amino acid set 2 (note that the numbering of the amino acids refers to the amino adds 
in the PI 0480 mature sequence) 

Leul7, Lys22, Met23, GIy40, Asn80, Pro81, Lys82, Asn87, Asn88, Trplll, Vail 12, 
Alal 14, Tyrl 17, Leul 1 8, Prol56, Glyl59, Glnl60, Asnl61, Prol62, Serl63, Alal64, 
15 Argl65, Serl66, GInl67, Lysl68, Vall69, VaI170, GIul71, Alal 72, Tyrl79, HislSO, 
Asnl81, Met209, Leu210, Arg211, Asn215, Lys284, Met285, GIn289 and Val290, 

Table of selected residues in Set 1 compared with Set 2: 



IVN mode] 

P10480 




Mature sequence Residue 

IVN 

A.hyd homologue 

Number 


PFAM 

Structure 


[GlyS 

Gly32 



Asp9 

Asp33 



SerlO 

Ser34 



Leull 

Leu35 


Leul 7 

Serl2 

Ser36 


SerlS 




Lys22 




Met23 

Tyrl5 

Gly58 


Gly40 


[ 
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vjJy44 

Asn98 


AsnSO j 

Asp45 

rroyy 


Pro81 

Jrir4o 

LysiOO 


Lys82 




Asn87 




Asi)88 


Irplzy 


Trplll 

Leu70 

Va]130 


Vain2 

Gly/l 

Glyl31 



Oly/z 

Alal32 


Alal 14 

Asn73 

Asnl33 



Asp74 

Aspl34 



Gly75 

Tyr]35 


Tyrll7 

Leu76 

Leul36 


LeullS 

Glnl06 


Prol74 

Prol56 

Uel07 


G]y]77 

Glyl59 

ArglOS 


G]nl78 

Glnl60 

Leul09 


Asnl79 

Asnl61 



180 to 190 

Pro162 

Tyrll3 



Serl63 




Alal64 




Axgl65 




Sct166 




Glnl67 




Lysl68 




V oJ A \jy 




Vail 70 




Glul71 




Alal 72 

Phel21 

Hisl98 

Tyrl97 

Tyrl79 



Hisl98 

HislSO 



Asnl99 

Asnl81 
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Phel39 

Met227 


Met209 

PheMO 

Leu228 


Leu210 

Metl41 

Arg229 


Arg211 

Tyrl45 

Asn233 


Asn215 




Lys284 





Aspl54 

Asp306 



GIyl55 

GIn307 


Gln2S9 

Ilel56 

Val308 


Val290 

Hisl57 

His309 



ProlSS 

Pro310 




Amino acid set 3: 

5 Amino acid set 3 is identical to set 2 but refers to the Aeromonas salmonicida (SEQ ID 
No. 28) coding sequence^ i.e. the amino acid residue numbers are 1 8 higher in set 3 as 
this reflects the difference between the amino acid numbering in fee mature protein 
(SEQ ID No. 2) compared with the protein including a signal sequence (SEQ ID No. 
28). 

10 

The mature proteins of Aeromon^s salmonidda GDSX (SEQ ID No. 28) and 
Aeromonas hydrophila GDSX (SEQ ID No. 26) differ in five amino acids. These are 
ThrSSer, Glnl 82Lys, Glu309AIa, Ser3 1 OAsn, Gly3 1 8-, where the salmomcida residue 
is listed first and the hydrophila residue is listed last (FIGURE 59). The hydrophila 
1 5 protein is only 31 7 amino acids long and lacks a residue in position 3 1 8. The 

Aeromonas salmomcidae GDSX has considerably high activity on polar lipids such as 
galactoHpid substrates than the Aeromonas hydrophila protein. Site scanning was 
performed on all five amino acid positions. 


20 
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Amino acid set 4: 

Amino acid set 4 is S3, Q182, E309, S310, and -318. 
5 Amino acid set 5: 

F13S, D15N, SI 8G, S18V, Y30F, Dl 16N, Df 16E, D157 N, Y226F, D228N Y230F. 
Amino acid set 6: 

10 

Amino acid set 6 is Ser3, Leul7, Lys22, Met23, Gly40, AsnSO, Pro8 J , Lys82, Asn 87, 
Asn88, Tiplll,Vain2,Alall4,Tyr]17,Leull8, Prol56,Glyl59, Glnl60, Asnl61, 
Prol62, Series, Alal64, Argl65, Serl66, Glnl67, Lysl68, Vall69, Vall70, GIul71, 
AIal72, Tyrl79, HislSO, Asnl81, Glnl82, Met209, Leu210, Arg211, Asn215, 
15 Lys284, Met285, Gln289, Val290, Glu309, Ser310, -318. 

The numbering of the amino adds in set 6 refeis to the amino acids residues in PI 0480 
(SEQ ED No. 2) - correspondit^ amino acids in other sequence backbones can be 
detamined by homology alignment and/or structural alignment to PI 0480 and/or 
20 IIVN. 

Amino acid set 7: 

Amino acid set 7 is Ser3, Leul7, Lys22, Met23, GIy40, AsnSO, ProSl, Lys82, Asn 87, 
25 Asn88. Trplll, Valll2, AIall4,TyrlI7, Leull8, Prol56, Glyl59, Glnl60, Asnl61, 
Prol62, Serl63, Alal64, Argl65, Serl66, Glnl67, Lysl68, VaI169, Vall70, GIul71, 
Alal72, Tyrl79, HislSO, Asnl81, GInl82, Met209, Uu210, Arg211, Asn215. 
Lys284, Met285, Gln289, VaI290, Gln309, Ser310, -318, Y30X (where X is selected 
fiom A, C, D, E, G, H, I, K, L, M, N, P, Q, R, S, T, V, or W), Y226X (where X is 
30 selected from A, C, D, E, G, H. I, K, L, M, N, P, Q, R. S, T, V, or W), Y230X (where 
X is selected from A. C, D, E. G, H, I, K, L, M, N, P, Q, R, S, T, V, or W), SI 8X 
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(where X is selected from A, Q D, E, F, H, I, K, L, M, P, Q, R, T, W or Y), Dl 57X 
(where X is selected ta A, C, E, F, G, H, I, K, L, M, P, Q, R, S, T, V, W or Y). 

The numbering of the amino acids in set 7 refers to the amino acids residues in PI 0480 
(SEQ ID No. 2) - corresponding amino adds in other sequence backbones can be 
determined by homology aligmn^it and/or structural aligranent to PI 0480 and/or 
IIVN). 

ISOLATED 

In one aspect, preferably the polypeptide or protein for use in the present invention is 
in an isolated form. The tenn "isolated" means that the sequence is at least 
substantially free from at least one other compone^it with which the sequence is 
naturally associated in nature and as found in nature. 

PURIFIED 

In one aspect, preferably the polypeptide or protein for use in die present invention is 
in a purified fonn. The temi 'purified" means that fee sequoace is in a relatively pure 
state- e.g. at least abont 51% pure, or at least abont 75%, or at least about 80%, or at 
least about 90% pure, or at least about 95% pure or at least about 98% pure. 

CLONING A NUCLEOTIDE SEQUENCE ENCODING A POLYPEPTIDE 
ACCORDING TO THE PRESENT INVENTION 

A nucleotide sequence encoding either a polypeptide whidi has the specific properties 
as defined herein or a polypeptide which is suitable for modification may be isolated 
fcom any cell or organism producing said polypeptide. Various methods are well 
known within the art for the isolation of nucleotide sequaices. 
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For example, a genomic DNA and/or cDNA library may be constructed lasing 
chromosomal DNA or messenger RNA fix>m the organism produdiag the polypeptide. 
If the amino acid sequence of the polyp^tide is known, labelled oligonucleotide 
probes may be synthesised and used to identify polypeptide-encoding clones from the 
5 genomic library prepared from the organism. Alternatively, a labelled oligonucleotide 
probe containing sequences homologous to another known polypqptide gene could be 
used to identify polypeptide-encoding clones. In the lattear case, hybridisation and 
washing conditions of lower stringency are used. 

1 0 Alternatively, polypeptide-encoding clones coxdd be identified by inserting fragm^ts 
of gCTomic DNA into an expression vector, such as a plasmid, transforming enzyme- 
negative bacteria with the resulting genomic DNA library, and then plating the 
transformed bacteria onto agar containing an enzyme inhibited by the polypeptide, 
thereby allowing clones expressing the polyp^tide to be identified. 

15 

In a yet further altemative, the nucleotide sequence aicoding the polypeptide may be 
prepared synthdically by established standard methods, e.g. the phosphoroamidite 
method described by Socage SX. et al (1981) Tetrahedron Letters 22, p 1859-1869, 
or the method described by Matthes et al (1984) EMBO J- 3, p 801-805. hi the 
20 phosphoroamidite method, oligonucleotides are synthesised, e.g. in an automatic DNA 
synthesiser, purified, annealed, ligated and cloned in appropriate vectors. 

The nucleotide sequence may be of mixed genomic and synthetic origin, mixed 
synthetic and cDNA origin, or mixed genomic and cDNA ori^n, prepared by ligating 
25 fragments of synthetic, genomic or cDNA origin (as appropriate) in accordance with 
standard technique. Each ligated fragment corresponds to various parts of the entire 
nucleotide sequence. Hie DNA sequrace may also be prqjared by polymerase chain 
reaction (PGR) using specific primers, for instance as described in US 4,683,202 or in 
Saild "SLlLetal (SciKice (1988) 239, pp 487-491). 


30 
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NU(XEOTIDE SEQUENCES 

TTie present inv^ition also encompasses nucleotide sequraces encoding polypqjtides 
having the specific properties as defined herein. The tmn ''nucleotide sequence" as used 
5 herein refers to an oligonucleotide sequ^ce or polynucleotide sequence, and variant, 
homologues, fragments and derivatives thereof (such as portions thereof). TTie nucleotide 
sequence may be of genomic or synthetic or recombinant origin, which may be doiable- 
stranded or singje-stranded whefeer represoiting tiie sense or antisense strand. 

1 0 The tran "nudeotide sequence" in relation to the present invention includes genomic 
DNA, cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably 
cDNA for the coding sequm;e. 

In a preferred embodiment, the nucleotide sequence per se ^coding a poIypq)tide having 
15 the specific properties as defined herein does not cover the native nucleotide sequence in 
its natural environment when it is linked to its naturally associated sequence(s) that is/are 
also in its/their natural environment For ease of reference, we shall call this preferred 
embodiment the "non-naiive nucleotide sequence". In this regard, the term "native 
nucleotide sequence" means an CTtire nucleotide sequence that is in its native 
20 environm^t and when operatively linked to an entire promoter with which it is naturally 
associated, which promoter is also in its native environment Thus, the polypq>tide of the 
present invention can be expressed by a nucleotide sequence in its native organism but 
wherein the nucleotide sequence is not under the control of the promoter with whidi it is 
naturally associated within that organism. 

25 

Preferably the polypeptide is not a native polypq)tide. In this regard, the term "native 
polypeptide" means an entire polypeptide that is in its native environment and whai it has 
been expressed by its native nucleotide sequence. 

30 Typically, the nucleotide sequence encoding polypeptides having the specific 
propearties as defined herein is prepared using recombinant DNA techniques (i.e. 
recombinant DNA), However, in an alternative embodiment of the invention, the 
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nucleotide sequence could be synthesised, in whole or in part, using chemical meflKMis 
well known in the art (see Canithers MH et al (1980) Nuc Acids Res Symp Ser 215-23 
and Horn 1etal{\ 980) Nuc Adds Res Symp Sor 225-232). 

5 MOLECULAR EVOLUTION 

Once an enzyme-«icoding nucleotide sequence has been isolated, or a putative 
enzyme-eocoding nucleotide sequence has been identified, it may be desirable to 
modify tiie selected nucleotide sequence, for example it may be desirable to mutate the 
10 sequraice in order to prepare an enzyme in accordance with the present invtaition. 

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides 
contdn nucleotide sequences flanking the desired mutation sites. 

15 A suitable method is disclosed in Morinaga et al (Biotechnology (1984) 2, p646-649). 
Another method of introducing mutations into enzyme-encoding nucleotide sequences 
is described in Nelson and Long (Analytical Biochemistry (1989), 180, p 147-151). 

Instead of site directed mutagenesis, sudi as described above, one can introduce 
20 mutations randomly for instance using a commercial kit such as the GeneMoiph PCR 
mutagenesis kit from Stratagene, or the Diversify PCR random mutagenesis kit from 
Qontech. EP 0 583 265 ref^s to methods of optimising PCR based mutagenesis, 
which can also be combined with the use of mutagenic DNA analogues such as those 
described in EP 0 866 796. Error prone PCR technologies are suitable for the 
25 production of variants of lipid acyl transferases with preferred characteristics. 
WO0206457 refers to molecular evolution of lipases. 

A third method to obtain novel sequences is to fragment non-identical nucleotide 
sequences, either by using any number of restriction enzymes or an enzyme such as 
30 Dnase I, and reassembling foU nucleotide sequences coding for fimctional protons. 
Altranativety one can use one or multiple non-identical nucleotide sequeaices and 
introduce mutations draing the reassembly of the full nucleotide sequence. DNA 
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shuffling and family shufRing technologies are suitable for the production of variants 
of lipid acyl transf^ases with prefeired characteristics. Suitable methods for 
performing 'shufflmg' can be found in EPO 752 008, EPl 1 38 763, EPl 103 606, 
Shuffling can also be combined with other forms of DNA mutagenesis as described in 
5 US 6,180,406 and WO 01/34835. 

Thus, it is possible to produce numCT)us site directed or random mutations into a 
nucleotide sequmce, dther in vivo or in vitro, and to subsequently screen for unproved 
functionality of the encoded polypeptide by various means, Usmg in silico and exo 
10 mediated recombination methods (seeWO 00/58517, US 6,344,328, US 6361,974), 
for example, molecular evolution can be performed where the variant produced retains 
very low homology to known enzymes or proteins. Such variants thereby obtained 
may have significant structural analogy to known transferase enzymes, but have very 
low amino acid sequence homology. 

15 

As a non-limitmg example, in addition, mutations or natural variants of a 
polynucleotide sequence can be recombined with either the wild type or other 
mutations or natural variants to produce new variants. Such new variants can also be 
screened for improved functionality of the encoded polypeptide. 

20 

The appUcation of the above-mentioned and similar molecular evolution methods 
allows the identification and selection of variants of the razymes of the present 
invention which have prefenred characteristics without any prior knowledge of protein 
structure or fimction, and allows the production of non-predictable but beneficial 

25 mutations or variants. Theare are numerous examples of the application of molecular 
evolution in the art for the optimisation or alteration of enzyme activity, sudi examples 
mclude, but are not limited to one or more of the foUowmg: optimised expression 
and/or activity in a host cell or in vitro, inareased enzymatic activity, altea^ substrate 
and/or product specificity, increased or decreased enzymatic or structural stability, 

30 altered enzymatic activity/spedficity m preferred environmental conditions, e.g. 
temperature, pH, and/or substrate. 
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As will be apparent to a parson skiBed in the art, using molecular evolution tools an 
enzyme may be altered to improve the fimctionality of the ©izyme. 

Suitably, the lipid acyltransferase used in the invention may be a variant, i.e. may 
5 contain at least one amino acid substitution, deletion or addition, wh^ compared to a 
parental enzyme. Variant enzymes retain at least 1%, 2%, 3%, 5%, lOVo, 1 5%, 20%, 
30%, 40%, 50 %, 60%, 70%, 80%, 90%, 95%, 97%, 99% homology with the parent 
enzyme. Suitable parent «azymes may include any enzyme with esterase or lipase 
activity. Prefeably, the parent razyme aligns to the pfam00657 consensus sequence. 

10 

In a preferable embodimmt a variant lipid acyltransfease enzyme retains or 
incorporates at least one or more of the pfam00657 consMsus sequ^ce amino acid 
residues found in the GDSx, GANDY and HPT blocks. 

15 Enzymes, such as lipases with no or low lipid acyltransferase activity in an aqueous 
envirrament may be mutated using molecular evolution tools to introduce or enhance 
the transferase activity, therd)y producing a lipid acyltransferase enzyme with 
significant transferase activity suitable for use in the compositions and methods of the 
present invention. 

20 

Suitably, the lipid acyltransferase for use in the invention may be a vetriant with 
enhanced enzyme activity phospholipids when compared to the parent mzymc. 
Preferably, sudi variants also have low or no activity on lyso polar lipids. The 
danced activity on phospholipids may be the result of hydrolysis and/or transferase 
25 activity or a combination of both. 

Variant lipid acyltransferases for use in the invention may have decreased activity on 
triglycerides, and/or mono^ycerides and/or digiycerides compared with the parmt 
enzyme. 

30 

Suitably the variant enzyme may have no activity on triglycerides and/or 
monoglycerides and/or digiycerides. 
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Altemativdy, the variant enzyme for use in the invention may have increased activity 
on triglycerides, and/or may also have increased activity on one or more of the 
following, polar lipids, phospholipids, lecithin^ phosphatidylcholine, 

5 

Variants of lipid acyltransferases are known, and one or more of such variants may be 
suitable for use in the methods and uses according to the present invention and/or in 
the enzyme compositions according to the preset invention. By way of example only, 
variants of lipid acjitransferases are described in the following refer^ces may be used 
10 in accordance with the present invention: Hilton & Buckley J Biol Chem. 1991 Jan 
15: 266 (2): 997-1000; Rob^on era/ J. Biol. Chem. 1994 Jan 21; 269{3):2 146-50; 
Brumlik et al J. Bacteriol 1 996 Apr, 1 78 (7): 2060-4; Peebnan et al Protein Sci. 1 998 
Mar,7(3):587-99. 

1 5 AMINO ACID SEQUENCES 

The present invention also encompasses amino acid sequences of polypeptides having 
the specific properties as defined herein, 

20 As used herein, the term "amino acid sequence" is synonymous with the term 

"polypeptide" and/or the term ''protein". In some instances, the term "amino acid 
sequence" is synonymous with the term ""peptide". 

The amino add sequence may be prepared/isolated from a suitable source, or it may be 
25 made synthetically or it may be prepared by use of recombinant DNA techniques. 

Suitably, the amino acid sequraces may be obtained from flie isolated polypeptides 
tau^t herein by standard techniques. 


30 


One suitable method for determming amino add sequences firom isolated polypeptides 
is as follows: 
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Purified polypeptide maybe freeze-dried and 1 00 of the fireeze-dried material may 
be dissolved in 50 |il of a mixture of 8 M urea and 0.4 M ammonium hydrogen 
carbonate, pH 8.4. The dissolved protein may be denatured and reduced for 15 minutes 
at 50^C following overlay with nitrogen and addition of 5 fil of 45 mM dithiothreitol. 
5 Aft^ coolmg to room temperature, 5 ^1 of 1 00 mM iodoacetamide may be added for 
the cysteine residues to be derivatized for 15 minutes at room temperature in the dark 
under nitrog^ 

135 fil of watar and 5 jig of endojTOteinase Lys-C in 5 jil of water may be added to fee 
1 0 above reaction mixture and the digestion may be carried out at 3TC under nitrogen for 
24 hoxirs. 

The residting pq)tides may be separated by reverse phase HPLC on a VTDAC CI 8 
colunm (0,46x1 5cm;10^m; Tlie Sqparation Group, California, USA) using solvent A: 
1 5 0.1% TFA in water and solvent B: 0.1 % TFA in acetonitrile. Selected peptides may be 
re-chromatographed on a Develosfl C18 column using the same solvent system, prior 
to N-terminal sequencing. Sequencing may be done using an Apphed Biosystems 
476A sequencer using pulsed liquid fast cycles according to the manufacturer's 
instructions (Applied Biosystems, California, USA). 

20 

SEQUENCE IDENTITY OR SEQUENCE HOMOLOGY 

The present invention also aicompasses the use of sequences having a degree of 
25 sequence identity or sequence homology with amino acid sequence(s) of a polypeptide 
having the specific properties defined herem or of any nucleotide sequence encoding 
such a polypeptide (h^^naft^ referred to as a "homologous sequence(sy'). Here, the 
term *1iomolog^e" means an entity having a calain homology with the subject amino 
acid sequences and the subject nucleotide sequences. Here, the term "homology" can 
30 be equated with "identity*'. 
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The homologous amino add sequence and/or nucleotide sequence should provide 
and/or oicode a polypeptide which retains the fhnctional activity and/or enhances fee 
activity of the raizyme. 

5 In the present context, a homologous sequence is taken to include an amino acid 

sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98% 
identical to the subject sequence. Typically, the iMHnologues will comprise the same 
active sites etc. as the subject amino acid sequence. Although homology can also be 
considered in terms of similarity (i.e. amino acid residues having similar chemical 

1 0 properties/functions), in the context of the presrait invoition it is preferred to express 
homology in terms of sequence id«itity. 

In the present context, a homologous sequence is tak«i to include a nucleotide 
sequence whidi may be at least 75, 85 or 90% identical, preferably at least 95 or 98% 

1 5 idsaitical to a nucleotide sequence encoding a polypeptide of the present invention (flie 
subject sequence). Typically, the homologues will comprise the same sequences that 
code for the active sites etc. as the subject sequence. Although homology can also be 
considered in tenns of similarity (i.e. ammo acid residues having similar chemical 
properties/fimctions), in the context of fee present invention it is preferred to express 

20 homology in terms of sequence idraitity. 

Homology comparisons can be conducted by eye, or more usually, with the aid of 
readily available sequeajce comparison programs. These commercially available 
computer programs can calculate % homology between two or more sequences. 

25 

% homology maybe calculated over contiguous sequences, i.e. one sequence is 
aligned with the other sequence and each amino acid in one sequfaice is directly 
compared with the corresponding amino acid in the other sequence, one residue at a 
time. This is called an "ungapped" ahgnment TypicaDy, sudi ungapped alignments 
30 are performed only ovea- a relatively short number of residues. 
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Although this is a very simple and consistCTt method, it fails to take into consid^tion 
that, for example, in an otherwise identical pair of sequ©aces> one insertion or deletion 
will cause the following amino acid residues to be put out of alignment, thus 
potentially resulting in a large reduction in % homology when a ^obal alignment is 
5 performed. Consequently, most sequence comparison me&ods are designed to 
produce optimal alignmoits that take into consideration possible insotions and 
deletions without praalising unduly the overall homology score. This is achieved by 
inserting '*gaps'* in the sequence alignment to try to maximise local homology. 

1 0 However, these more complex methods assign "gap penalties" to eadi gap that occurs 
in the alignment so that, for the same number of identical amino acids, a sequence 
alignmrait with as few gaps as possible - reflecting higher relatedness between the two 
compared sequences - will achieve a higher score than one with many gaps. "Affine 
gap costs" are typically used that charge a relatively high cost for the exist«ice of a 

1 5 ^p and a smaller penalty for each subsequent residue in the gap- This is the most 
commonly used g^ scoring system. High gap penalties will of course produce 
optimised alignments with fewer g^s. Most alignment programs allow the gap 
penalties to be modified. Howevo", it is preferred to use the default values when using 
such software for sequence comparisons. For example when using the GCG 

20 Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for 
a gap and -4 for each extension. 

Calculation of maximum % homology therefore firstly requires the production of an 
optimal alignment, taking into consideration gap penalties. A suitable computer 

25 program for carrying out such an aiignmrat is the GCG Wisconsin Bestfit package 
(Devereux et al 1 984 Nuc, Acids Researdi 1 2 p387). Examples of other software that 
can perform sequence comparisons include, but are not limited to, the BLAST package 
(see Ausubel et al 1999 Short Protocols in Molecular Biology, 4* Ed - Chapter 1 8), 
FASTA (Altschul et al 1 990 J. Mol. Biol. 403-41 0) and the GENEWORKS suite of 

30 comparison tools. Both BLAST and FASTA are available for ofQine and online 
searching (see Ausubel et al 1999, pages 7-58 to 7-60), However, for some 
^plications, it is preferred to use the GCG Bestfit program. A new tool, called 
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BLAST 2 Sequences is also avaOable for comparing protein and nucleotide sequence 
(see FEMS Microbiol Lett 1999 174(2): 247-50: FEMS Microbiol Lett 1999 177(1): 
187-8 and tatiana@ncbijilm.nikgov). 

5 Although the final % homology can be measured in terms of identity, the alignment 
process itself is typically not based on an all-or-nothing pair comparison. Instead, a 
scaled similarity score matrix is generally used that assigns scores to eadi pairwise 
comparison based on chemical similarity or evolutionary distance. An example of 
such a matrix commonly used is the BLOSUM62 matrix - the default matrix for the 

10 BLAST suite of programs. GCG Wisconan programs generally use either the public 
default values or a custom symbol comparison table if supplied (see user manual for 
further details). For some ^plications, it is preferred to use the public default vakies 
for the GCG package, or in the case of other software, the default matrix, such as 
BLOSUM62. 

15 

Alternatively, percentage homologies may be calculated using the multiple alignment 
feature in DM ASIS™ (Hitachi Software), based on an algorithm, analogous to 
CLUSTAL (Higgins DG & Sharp PM (1988), Gene 73(1), 237-244). 

20 Once the software has produced an optimal alignment, it is possible to calculate % 

homolog}^ preferably % sequence identity. Tlie software typically does fliis as part of 
the sequence comparison and generates a numerical result. 

In a preferable aspect of the present invention the following software and settings for 
25 calculating percentage homology/identity are used. For amino acid sequences 
percentage of identities (homology) or "positives" are calculated by the AlignX 
VectorNTI (Vector NTI Advance 9.1 from Invitrogen Corporation, Carlsbad, 
CaUfomia, USA.), for each possible pair of amino add sequences Settings are default 
parameters (Gap opting penalty- 10, Gap extOTsion penalty 0.1), 

30 

The sequences may also have deletions, insertions or substitutions of amino acid 
residues which produce a sileait change and result in a fimctionally equivalent 
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substance. Deliberate amino add substitutions may be made on the basis of similarity 
in polarity, cbarge, solubility, hydrophobicity, hydropbilicity, and/or the ampMpathic 
nature of the residues as long as the secondary binding activity of the substance is 
retained. For example, negatively charged amino acids include aspartic add and 
5 glutamic acid; positively charged amino adds include lysine and arginine; and amino 
adds with uncharged polar head groups having similar hydrophilidty valu^ include 
l«icine, isoieudne, valine, glycine, alanine, asparagine, glutamine, serine, threonine, 
phenylalanine, and tyrosine. 

1 0 Conservative substitutions may be made, for example according to the Table below. 
Amitto acids in the same block in the second column and preferably in the same line in 
ihe third column may be substituted for each other: 


ALIPHATIC 

Non-polar 

GAP 



ILV 


Polar - uncharged 

CSTM 



NQ 


Polar -charged 

DE 



KR 

AROMATIC 


HFWY 


15 

Hie pr^ent invention also encompasses homologous substitution (substitution and 
replacement are bofli used herdn to mean the intax;hange of an existing amino add 
residue, with an alternative residue) that may occur i.e. like-for-like substitution such 
as basic for basics acidic for acidic, polar for polar etc. Non-homologous substitution 
20 may also occur Le. from one class of reside to another or alternatively involving the 
inclusion of unnatural amino adds such as ornithine (herdnafter referred to as Z), 
diaminobutyric add ornithine (hereinafter referred to as B), noileucine ornithine 
(h^emafta- referred to as O), pyriylalanine, thienylalanine, naphthylalanine and 
pheaiylglycine. 
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Replaconents may also be made by imnatural amino acids. 

Variant amino add sequences may include suitable spacer groups that maybe inserted 
5 betwera any two amino acid residues of the sequoice including alkyl groups such as 
methyl, ethyl or propyl groups in addition to amino acid spacers such as glycine or p- 
alanine residues. A further form of variation, involves the presence of one or more 
amiiK) add residues in peptoid form, will be well understood by those skilled in the art. 
For the avoidance of doubt, **the peptoid form" is used to refer to variant amino add 
1 0 residues wherein the a-carbon substitUCTt group is on the residue^s nitrog^i atom 
rather than the a-carbon. Processes for preparing peptides in the peptoid form are 
known in the art, for example Simon RJ et al., PNAS (1 992) 89(20), 9367^9371 and 
Horwell DC, Trends Biotechnol. (1995) 13(4), 132-134. 

1 5 Nucleotide sequences for use in the present invention or ^coding a polypeptide 
having the specific properties defined herein may include within them synthetic or 
modified nucleotides. A number of diflFerent types of modification to ohgonucleotides 
are known in the art These include methylphosphonate and phosphorothioate 
backbones and/or the addition of acridine or polylysine chains at the 3' and/or 5* ends 

20 of the molecule. For the pxirposes of the present invention, it is to be understood that 
the nucleotide sequences desCTibed herein may be modified by any method available in 
the art. Such modifications may be carried out in order to enhance the in vivo activity 
or life span of nucleotide sequences, 

25 The present invention also encompasses the use of nucleotide sequences that are 
complCTientary to the sequences discussed herein, or any derivative, fiagment or 
derivative thereo£ If the sequence is complementary to a fragmait thereof then that 
sequence can be used as a probe to identify similar coding sequences in other 
organisms etc. 

30 

Polynucleotide which are not 1 00% homologous to the sequences of the present 
inv«ition but fall within the scope of the invention can be obtained in a number of ways. 
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Ofeer variants of the sequaices described herein may be obtained for example by probing 
DNA libraries made from a range of individuals, for example individuals from different 
populations. In addition, other viral/bacterial, or cellular homologues particularly cellular 
homologues found in mammalian cells (e.g. rat, mouse, bovine and primate cells), may 

5 be obtained and such homologues and fragments thereof in general wiH be capable of 
selectivdy hybridising to the sequences shown in the sequence listing herein. Sudi 
sequences may be obtained by probing cDNA libraries made from or genomic DNA 
libraries from other animal ^ecies, and probing such libraries with probes comprising aD 
or part of any one of fte sequences in the attached sequence hstings under conditions of 

10 medium to high stringency. Similar considerations apply to obtaining species 
homologues and allelic variants of the polypeptide or nucleotide sequences of the 
invention. 

Variants and strain/species homologues may also be obtained using degenerate PGR 
1 5 whidi will use primers designed to target sequences within the variants and homologues 
flooding consarved amino add sequences wittun the sequences of the present invention. 
Conserved sequences can be predicted, for example, by aligning the amino acid 
sequences from several variants/homologues. Sequence alignments can be padTormed 
using computer software known in the art For ©cairple the GCG Wisconsin PileUp 
20 program is widely used.. 

The primers used in degenerate PGR will ccHitain one or more degenerate positions and 
wfl] be used at stringent^ conditions low^ than those used for cloning sequences with 
single seqxxence primes against known sequences. 

25 

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of 
characterised sequences. This may be use&l wheare for example silent codon sequence 
dxanges are required to optimise codon preferences for a particular host cdl in whidi the 
polynucleotide sequmces are being expressed. OSj&c sequence changes may be desired 
30 in order to introduce restriction polypeptide recognition sites, or to alter the property or 
fimction of the polypeptides encoded by flie polynucleotides. 


wo 2006/008508 


PCT/GB2005/002823 


67 

Polynucleotides (nucleotide sequeoces) of the invention may be used to produce a primCT, 
e.g. a PGR primer, a prima- for an altesmative anq)lification reaction, a probe e.g. labelled 
with a revealing label by conventional means uang radioactive or non-radioactive labels, 
or fee polymicleotides may be cloned into vectras. Such primers, probes and ofh€T 
5 fragmeals will be at least 15, preferably at least 20, for ©cample at least 25, 30 or 40 
micleotides in length, and are also encompassed by tiie temi polynucleotides of the 
invention as used haran. 

Polynucleotides sudi as DNA polynucleotides and probes according to the invention may 
10 be produced recombinantly, synthetically, or by any means available to those of skiU in 
the art. They may also be cloned by standard tedmiques. 

In general, primers will be produced by synthetic means, involving a stepwise 
manufecture of the desired nucleic acid sequence one nucleotide at a time, Tedmiques 
15 for accomplishing this using automated tedmiques are readfly available in the art 

Longa- polynudeotides will generally be produced using recombinant means, for 
example using a PGR ^lymerase chain reaction) cloning techniques. This v»t11 involve 
making a pair of primers (e-g. of about 15 to 30 nucleotides) flanking a region of the Upid 

20 targeting sequence whidi it is desired to clone, bringing the primers into contact with 

mRNA or cDNA obtained from an aniraal or human cell, perfonning a polymerase chain 
reaction under conditions whidi bring about amplification of the desired region, isolating 
the amplified fragment (e.g. by purifying the reaction mixture on an agarose gd) and 
recovering Ihe ampUfied DNA. The jwimers maybe designed to contain suitable 

25 restriction «jzyme recognition sites so that the amplified DNA can be doned into a 
suitable cloning vector. 

HYBRIDISATION 

The present invaition also encompasses sequences that are complementary to the 
30 sequences of the presrait invention or sequences that are cap^le of hybridising either 
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to flie sequences of the presait invention or to sequences that are complementary 
thereto. 

The tenn **hybridisation" as used herein shall include "the process by which a strand of 
5 nucleic acid joins with a con5>lementaiy strand through base pairing" as well as the 
process of amplification as carried out in polymerase diain reaction (PGR) 
technologies. 

The present invention also encompasses the use of nucleotide sequences that are 
1 0 capable of hybridising to the sequences that are complementary to the subject 
sequences discussed herein, or any derivative, fragmrat or dOTvative thereof. 

The present invention also encompasses sequences that are complementary to 
sequences that are capable of hybridising to the nucleotide sequoices discussed herein. 

15 

Hybridisation conditions are based on the melting temperature (Tra) of the nucleotide 
binding complex, as tau^t in Berger and Kimmel (1987, Guide to Molecular Cloning 
Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA), and 
confer a defined "stringency" as explained below. 

20 

Maximum stringency typically occurs at about Tm-5*^C (5°C below the Tm of the 
probe); high stringency at about 5^C to 10°C below Tm; intermediate stringency at 
abont 10^*0 to 20^C below Tm; and low stringency at about 20''C to 25°C below Tm. 
As will be understood by those of skill in the art, a maxunum stringency hybridisation 
25 can be used to identify or d^ect identical nucleotide sequences while an tntennediate 
(or low) stringency hybridisation can be used to identify or detect similar or related 
polynucleotide sequences. 

Preferably, the present invention encompasses sequences that are complementary to 
30 sequences that are capable of hybridising under stringency conditions or 

intmnediate stringency conditions to nucleotide sequences encoding polypeptides 
haying the specific properties as defined herein. 
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More preferably, the present invention encompasses sequences that are complemraitary 
to sequences that are capable of hybridising under high stringent conditions (e.g. 65^C 
and 0-lxSSC {IxSSC = 0.15 M NaCI, 0.015 M Na-citrate pH 7.0}) to nucleotide 
5 sequences encoding polypeptides having the specific prop^'es as defined herein. 

The present invention also relates to nucleotide sequences that can hybridise to the 
nucleotide sequences discussed herein (including complementary sequences of those 
discussed herein), 

10 

The present invention also relates to nudeotide sequences that are complemoatary to" 
sequences that can hybridise to the nucleotide sequences discussed herein including 
complementary sequences of those discussed herein). 

1 5 Also included within the scope of the present invention are polynucleotide sequences 
that are capable of hybridising to the nucleotide sequences discussed herein imder 
conditions of intermediate to maximal stringency. 

In a prefixed aspect, the present invention covers nucleotide sequKices that can 
20 hybridise to the nucleotide sequences discussed herdn, or ttie complement thereof 
under stringent conditions (e.g. 50^C and OJZxSSC). 

In a more preferred aspect, the present invention covars nucleotide sequences that can 
hj^ridise to the nucleotide sequaices discussed herein, or the complement thereof, 
25 under Mgji stringent conditions (e.g. 65**C and O.lxSSC). 

EXPRESSION OF POLYPEPTIDES 

A nucleotide sequence for use in the preset invention or for encoding a polypqjtide 
30 having the specific properties as defined herein can be incorporated into a recombinant 
replicable vector. The vector may be used to replicate and express the nucleotide 
sequence, in polypeptide form, in and/or fix)m a compatible host cell. Expression may 
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be controlled using control sequences which include promoters/enhancers and other 
expression regulation signals. Prokaryotic promoters and promoters functignal in 
eukaryotic cells may be used. Tissue specific or stimuli specific promoters may be 
used. Chimeric promoters may also be used comprising sequence elements fcom two 
5 or more differmt promoters described above. 

The polypeptide produced by a host recombinant cell by expression of the nucleotide 
seque^e may be secreted or may be contained intracellularly depending on the 
sequ^K:e and/or the vector used. The coding sequences can be designed with signal 
10 sequences wMdi direct secretion of the substance coding sequences through a 
particular prokaryotic or eukaryotic cell membrane. 

EXPRESSION VECTOR 
15 The term "expression vector" means a constmct capable of in vivo or in vitro expression. 

Preferably, the expression vector is incorporated in the gaiome of the organism. The terai 
"incorporated" preferably covers stable incorporation into the genome, 

20 The nucleotide sequence of tbe present invention or coding for a polypeptide having 
the specific properties as defined herein may be present in a vector, in which the 
nucleotide sequence is operably linked to regulatory sequ^c^ such that the regulatory 
sequaices are enable of providing the expression of the nucleotide sequence by a 
suitable host organism, i.e. the vector is an expression vector. 

25 

The vectors of the present inv^tion may be transformed into a suitable host cell as 
desCTibed below to provide for expression of a polypeptide having the specific 
prop^es as defined herein, 

30 The choice of vector, e.g. plasraid, cosmid, virus or phage vector, will often depend on 
the host cell into which it is to be introduced. 
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The vectors may contain one or more selectable marker genes - such as a gene which 
confers antibiotic resistance e.g. artipicillin, kanamycin, chloramphenicol or tetracyclin 
resistance. Alternatively, the sdcction may be accomplished by co-transformation (as 
5 described in W091/17243). 

Vectors may be used in vitrd, for example for the production of RNA or used to 
transfect or transform a host cell. 

10 Thus, in a further embodim^t, ti>e invention provides a method of making nucleotide 
sequences of the present invention or nucleotide sequences encoding polypeptides 
having Ae specific prop^es as defined herein by introducing a nucleotide sequence 
into a r^licable vector, introducing the vector into a compatible host cell, and growing 
the host cell und^ conditions which bring about replication of the vector. 

The vector may fiHther conqmse a nucleotide sequence enabling the vector to replicate 
in the host cell in question. Examples of such sequences are the origins of replication 
of plasmids pUC19, pACYCl 77, pUBl 10, pE194, pAMBl and pIJ702, 

20 REGULATORY SEQUENCES 

In some applications, a nucleotide sequence for use in the present invention or a 
nucleotide sequence encoding a polypeptide having the specific properties as defined 
herein may be operably linked to a regulatory sequence which is capable of providing 
25 for the expression of fee nucleotide sequence, such as by the chosen host cell. By way 
of example, the present invention covers a vector comprising the nucleotide sequence 
of the present invention operably linked to such a regulatory sequence, i.e. the vector is 
an expression vector. 

30 The tenn "op^ably linked" refers to a juxtaposition wherein fte components described 
are in a relationship pennittmg them to fiinction in tiieir intended manner . A 
regulatory sequrace "operably linked" to a codmg sequence is Kgated in such a way 
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that expression of the coding sequence is achieved vnder conditions compatible with 
the control sequences. 

TTie term **regulatory sequences" includes promoters and enhancers and other 
5 expression regulation signals. 

The term "promoter^ is used in the nonnal sense of the art, e.g. an RNA polymerase 
binding site. 

1 0 Enhanced expression of Ae nucleotide sequKice encoding the enzyme having the 
specific propQlies as defined herein may also be achieved by the selection of 
hetm>logous regulatory regions, e,g. promoter, secretion leader and terminator 
regions. 

1 5 Preferably, the nucleotide sequence of the prescait invoition may be operably linked to at 
least a promoter. 

Examples of suitable promoters for directing the transcription of the nucleotide 
sequence in a bacterial, fungal or yeast host are well known in the art. 

20 CONSTRUCTS 

The term "construct" - which is synonymous with temis such as "conjugate", "cassette" 
and "hybrid" - includes a nucleotide sequence encoding a {wlypeptide having the specific 
properties as defined herein for use according to the present invention direcdy or 

25 indirectly attached to a promoter. An example of an indirect attachment is the provision 
of a suitable spac^ group such as an intrcHi sequence, such as die Shl-intron or the ADH 
intron, intermediate the promoter and flie iracleotide sequence of the present invaation. 
The same is true for the torn "fused" in relation to the present invention which includes 
direct or indirect attachment In some cases, the terms do not cover the natural 

30 combination of the nucleotide sequence coding for the protein ordinarily associated with 
the wild type gene promoter and when they are bofli in ttieir natural enviroimi^ 
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Hie construct may evea contain or ©qnress a marker wWcfa allows for the -selection of the 
genetic construct. 

5 For some applications, preferably the construct comprises at least a nucleotide 
sequence of the present invention or a nucleotide sequence encoding a polypeptide 
having the spedfic properties as defined herein operably linked to a promoter. 

HOST CELLS 

10 

Hie term **host celF - in relation to the present invention includes any cell fliat 
comprises either a nucleotide sequence encoding a polypeptide having the specific 
properties as defined herein or an expression vector as described above and which is 
used in the recombinant production of a polypeptide having the specific properties as 
15 defined herein. 

Thus, a further anbodiment of the present invention provides host cells transformed or 
transfected with a nucleotide sequence of the preset invention or a nucleotide 
sequence that expresses a polypeptide having the specific properties as defined herein. 
20 The cells will be chosen to be compatible with the said vector and may for example be 
prokaryotic (for example bacterial), fimgal, yeast or plant ceUs. Preferably, the host 
cells are not human cells. 

Examples of suitable bacterial host organisms are gram negative bacterium or gram 
25 positive bacteria. 

Depending on the nature of the nucleotide sequence encoding a polypeptide having the 
specific properties as defined herein, and/or the desirability for fijrther processing of 
the expressed protein, eukaryotic hosts such as yeasts or other fimgi may be preferred. 
30 In general, yeast cells are preferred over fimgal cells becaiise they are easier to 

manipulate. However, some proteins are either pooriy secreted firom the yeast cell, or 
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m some cases are not processed properly (e.g. hyperglycosylation in yeast). In these 
instances, a different fungal host organism should be selected. 

The use of suitable host cells, such as yeast, fungal and plant host cells - may provide 
5 for post-translational modifications (e.g. myristoylation, glycosylation, truncation, 
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to 
confer optimal biological activity on recombinant expression products of the present 
invention. 

1 0 The host cell may be a protease deficient or protease minus strain. 
ORGANISM 

The term ''organism" in relation to the present invention includes any organism that 
15 could comprise a nucleotide sequence according to the present invaition or a 
nucleotide sequence encoding for a polypeptide having the q>ecific properties as 
defined herein and/or products obtained therefirom. 

Suitable organisms may mclude a prokaryote, fungus, yeast or a plant. 

20 

The term "transgenic organism" in relation to the present invention includes any 
organism that comprises a nucleotide sequence coding for a polypeptide having the 
specific properties as defined herein and/or the products obtained therefirom, and/or 
wherein a promoter can allow expression of the nucleotide sequence coding for a 
25 polypeptide having the specific properties as defined herein within the organism. 
Preferably the nucleotide sequ^ce is incorporated in the genome of the organism. 


30 


The term '^ansgenic orgasm" does not cover native nudeotide coding sequences in 
their natural aivironment when they are und^ the control of their native promoter 
which is also in its natural environment 
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Therefore, the transgenic organism of the present invention includes an organism 
comprising any one of, or combinations of, a nucleotide sequence coding for a 
polypq>tide having fhe specific properties as defined herein, constructs as defined 
herein, vectors as defined herein, plasraids as defined herein, cells as defined herein, or 
5 the products thoreoC For example the transgenic organism can also comprise a 
nucleotide sequence coding for a polypeptide having the specific properties as defined 
herein under the control of a heterologous promoter. 

TRANSFORMATION OF HOST CELLS/ORGANISM 

10 

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism. 
Examples of suitable prokaryotic hosts include E. coli and Bacillus subtilis. 

In one embodiment the host cell is a bacteria, preferably a gram-positive bacteria, 
1 5 preferably a host cell selected from Actinobacieria, such as Biofidobacteria and 

Aeromonas, particularly preferably ^erc?/no«a5 salmonicida. Still more preferred are 
Actinomicetales such as Corynebacteria, in particular Corvne6acrer/wm glutamicum 
and Nocardia, Particularly preferred are Strepiomycetaceae, such as StroptoinyceSy 
especially 5. lividans, 

20 

A microbial host can be used for expression of the galactolipase gene, e.g> Eubacteria, 
Archea or Fungi, including yeast. Preferred are Eubacteria, for example, Fimdcutes 
(low GC-Gram positive bacteria), such as Bacillus subtile and other bacillus species, 
lactic acid bacteria such as species of genera Lactobacillus and Lactococcus. 

25 

Also preferred are Gram-negative Proteobacteria, in particular Gammaproteobacteria, 
such as host species belonging to the genera Pseudomonas, Xantkomonas, Citrobacter 
and Escherichia^ especially Escherichia coli. 

30 Preferably the host species is a Gram positive expression host sudi as Aeromonas 

salmonicida, Streptomyces lividans or Corymebacterium glutamicwn as detailed in GB 
aiq)lication number 0513859.9 
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In another onfaodiment the host cell is the same genus as the native host species, i.e. 
the recombinant gene is re-introduced and expressed in a species from fte same genus 
as the species from which tiie recombinant gene was isolated. 

5 

In another embodiment the host cell is the native host species, i.e. the recombinant 
gene is re-introduced and expressed in the same species from which the recombinant 
gene was isolated. 

10 

Teachings on the transformation of prokaryotic hosts is well documented in the art, for 
example see Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd edition, 
1989, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the 
nucleotide sequence may need to be suitably modified before transformation - such as 
15 by removal of introns. 

In another embodiment the transgenic organism can be a yeast 

Filamentous fungi cells may be transformed using various methods known in the art - 
20 such as a process involving protoplast formation and transformation of the protoplasts 
followed by regeneration of the cdl wall m a manner known. The use of Aspergillus 
as a host microorganism is desaibed in EP 0 238 023. 

Another host organism can be a plant. A review of the general techniques used for 
25 transforming plants may be found in articles by Potr^s {Annu Rev Plant Physiol 
Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech 
March/April 1 994 1 7-27). Furtho" teachings on plant transformation may be found in 
EP'A-W49375. 

30 General teachings on the transformation of fungi, yeasts and plants are presented in 
following sections. 
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TRANSFORMED FUNGUS 

A host organism may be a fungus - sudi as a filamaitous fungus. Examples of suitable 
sudi hosts include any mranber bdonging to the genera Therroomyces, ACTemonium, 
5 Aspergilhis, PenidlUum, Mucor, Neurospora, Tridhiodenna and the like. 

Teadiings on transfomung filamentous fbj© are reviewed in US-A-5741 665 which 
states fliat standard techniques for transfonnation of filamentous fimgi and culturing 
the fon^ are well known in the art. An extensive review of techniques as applied to N. 
10 crassa is found, for example in Davis and de Serres, Methods Enzymol (1971) 17A: 
79-143. 

Further teachings on transforming filamentous fiin^ are reviewed in US-A-5674707. 

15 In one aspect, the host organism can be of the geavs Aspergillus, sudi as Aspergillus 
niger. 

A transgenic Aspergillus according to the present invention can also be prepared by 
following, for example, the teachings of Turner G. 1994 (Vectors for genetic 
20 manipulation. In: Martinelli S J)., Kinghom J.R.( Editors) Aspergillus: 50 years on. 
Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641-666). 

Gene expression in filamentous fungi has been reviewed in Punt et al (2002) Trends 
Biotechnol 2002 May,20(5):200-6, Archer & Peberdy Crit Rev Biotechnol (1997) 
25 17(4):273-306. 

TRANSFORMED YEAST 


30 


In another embodiment, the transgenic organism can be a yeast. 
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A review of the principles of heterologous gene expression in yeast are provided in, for 
example. Methods Mol Biol (1995), 49:341-54, and Curr Opin Biotecknol (1 997) 
Oct;8(5):554-60 

5 In this regard, yeast - such as the species Saccharomyces cerevisi or Pichia pastoris (see 
FEMS MiCTobiol Rev (2000 24(l):45-66), may be used as a vdiicle for heterologous 
gene expression, 

A review of the principles of heterologous gene expression in Saccharomyces cerevisiae 
1 0 and secretion of gene products is giv^ by E Hinchcliffe E Kamy (1 993 , "Yeast as a 
veiiicle for ttie expression of heterologous goies". Yeasts, Vol 5, Anthony H Rose and 
J Stuart Harrison, eds, 2nd edition. Academic Press Ltd). 

For the transformation of yeast, several transformation protocols have been developed, 
1 5 For example, a transgenic Saccharomyces according to the present invention can be 

prepared by following the teachings of Hinnen et aly (1978, Proceedings of the National 
Academy of Sciences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275, 
104); and Ito, Uetal (1983, J Bacteriology 153, 163-1 68). 

20 The transformed yeast cells may be selected using various selective markers - such as 
auxotrophic markers dominant antibiotic resistance markers. 

A suitable yeast host oi^gam'sm can be selected from the biotechnologically relevant 
yeasts species sudi as, but not limited to, yeast species sdected from Pichia spp., 
25 Hansemla spp*, Kluyveromyces, Yarrowinia spp., Saccharomyces spp., including S, 
cerevisiae, or Schizosaccharomyce spp. including Schizosaccharomyce pombe. 

A strain of the methylotrophic yeast ^ecies Pichia pastoris may be used as the host 
organism. 

30 

In one embodiment, fee host organism may be a Hcmsenula species, such as K 
pofymorpha (as described in WOOl/39544), 
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TRANSFORMED PLANTS/PLANT CELLS 

AhostorgairiOTi smtable for the present inventic«i may be a plant. Areviewofthe 
5 genmi techniques may be found in articles by Potrykus (4Tmu Rev Plant Physiol Plant 
Mol Biol [1991] 42:205-225) and Christou (Agro-Food-lndustiy Hi-Tech March/April 
1994 17-27), orin WOOl/16308. 

SECRETION 

10 

Often, it is desirable for the polypeptide to be secreted from the expression host into 
tihe culture medium j&om where the enzyme may be more easily recovered. According 
to the present inveation, the secretion leader sequence may be selected on the basis of 
the desired expression host Hybrid signal sequences may also be used with tiie 
1 5 context of the preset invention. 

Typical examples of heterologous secretion leader sequences are those ori^nating 
from the fttngal amyloglucosidase (AG) goie (glaK - both 1 8 and 24 amino acid 
versions e.g. fi^m Aspergillus), the a-factor gene (yeasts e.g, Saccharomyces, 
20 Kluyveromyces and Hansenula) or the a-amylase gene (Bacillus). 

DETECTION 

A variety of protocols for detecting and measuring the expression of the amino add 
25 sequence are known in fte art. Examples indude enzyme-linked immunosorbent 
assay (ELIS A), radioimmunoassay (RIA) and fluorescent activated cell sorting 
(FACS). 

A wide variety of labels and conjugation techniques are known by those skilled in the 
30 art and can be used in various nucleic and amino acid assays. 
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A number of companies such as Pharmacia Biotedi (Piscataway, NJ), Promega 
(Madison, WI), and US BiochCTnical Corp (Qeveland, OH) supply commercial kits 
and protocols for these procedures. 

5 Smtable reporter molecules or labels include those radionuclides, aizymes, 

fluorescent, chemiluminesceat, or chromogeoic agents as wdl as substrates, cofectors, 
inhibitors, magnetic particles and flie like. Fatbits teaching the use of such labels 
include US-A^3,817,837; US-A-3,850,752; US-A-3,939,350; US-A-3,996345; US-A- 
4;277,437; US-A-4,275,149 and US-A-4,366,241. 

10 

Also, recombinant immunoglobuhns may be produced as shown in US-A-4,8 1 6,567. 
FUSION PROTEINS 

15 

A polypeptide having the specific properties as defined h^ein may be produced as a 
iusion protein, for example to aid in extraction and purification thereof. Examples of 
fusion protein partna^ include glutathione-S-transferase (GST), 6xHis, GAM (DNA 
binding and/or transcriptional activation domains) and p-galactosidase- It may also be 
20 convenient to include a proteolytic cleavage site betwem the fiision protein partner 
and the protein sequence of interest to allow removal of fusion protein sequences. 
Preferably the fusion protein will not hinder fiie activity of the protein sequence. 

Gene fusion expression systems in E. coli have be^ reviewed in Curr, Opin. 
25 BiotedmoL (1 995) 6(5):501 -6, 

In another ^bodiment of the invention, the amino acid sequence of a polypeptide 
having the specific properties as defined herein may be ligated to a heterologous 
sequQice to encode a fusion protein. For example, for screening of peptide libraries for 
30 agents capable of affecting the substance activity, it may be useful to encode a 
chimeric substance expressing a heto'ologous epitope that is recognised by a 
conunercially available antibody. 
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The invention will new be described, by way of example only, with refereoce to the 
foDowing figures and examples. 

5 Figure 1 shows the profile of the lipid acyltransferase actiAdty (PNP-caprylate assay) 
obtained after anion exchange chromatography (lEC); 

Figure 2 shows the results of SDS-PAGE analyses of pnrified the lipid acyltransferase 
fractions (4-12% Mes, -fDTT, 40/10 fil sample was applied to the gel): 
1 0 Lane 1 . Lipid acyltransferase sample after desalting, 40 pi was applied to the gel 
Lane 2. Lipid acyltransferase sample aft^ desalting, 10 jil was applied to the gel 
Lane 3. Purified Lipid acyltransferase lipase after lEC (pool 27-39), 40 |il was apphed 
to the gel 

Lane 4. Pxjrified Lipid acyltransferase lipase after lEC (pool 27-39, 10 ^il was applied 
15 to the gel; 

Figure 3 shows a TLC (Solvent 4) of reaction products Srom the lipid acyltransferase 
treatment of soya bean oil samples according to Table 2. As a reference 
phosphatidylcholine (PC) was also analysed; 

20 

Figure 4 shows a TLC (Solvent 1) of reaction products from the lipid acyltransferase 
treatment of soya bean oil samples according to Table 2. As reference free fatty acid 
(FFA) and Mono-di-triglyceride (TRI/DI/MONO) were also analysed; 

25 Figure 5 shows a TLC (Solvent 5) of reaction products from the Kpid acjdtransferase 
treatm^ of soya bean oil samples according to Table 2. As referrace Cholesterol 
(CHL) and Cholesterolest^ (CHL-est^) were also analysed; 


30 


Figure 6 shows a TLC (Solvent 4) of reaction products from the lipid acyltransfaase 
or Lecitase Ultra™ treatment of soya bean oil samples according to Table 3 for 20 
hours; 
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Figure 7 shows a TLC (SoIvCEnt 5) of reaction products from the Kpid acyltransferase 
or Ledtase Ultra™ treatment of soya bean oil santples according to Table 3 for 20 
hoxffs. Cholesterol ester (CHL ester); Mono-di-Triglyceride{MONO/DI/TRl) and 
5 plant sterol were also analysed as refereaices. Identification of free fatty acid (FFA) is 
also indicated; 

Figure 8 shows a TLC (Solvent 4) of reaction products from the lipid acyltransferase 
or Ledtase Ultra™ treatmoit of soya bean oil sample according to Table 3 for 4 
10 hours; 

Figure 9 shows a TLC (Solvent 5) of reaction products from the lipid acyltransferase 
or Ledtase Ultra™ treatment of soya bean oil samples according to Table 3 for 4 
hours. Cholesterol ester (CHL est^); Mono-di-Triglyceride (MONO/DI/TRI) and 
1 5 plant sterol were also analysed as references. Idratification of free fatty add (FFA) is 
also indicated; 

Figure 10 shows the amino acid sequence of a mutant Aeromonas salmonicida mature 
lipid acyltransferase (GCAT) with a mutation of AsnSOAsp (notably, amino add 80 is 
20 in the mature sequence); 

Figure 1 1 shows an amino acid sequence (SEQ ID No. 1) a lipid acyl transferase from 
Aeromonas hydrophila (ATCC #7%5); 

25 Figure 12 shows a pfam00657 consensus sequence from database version 6 (SEQ ID 
No. 2); 

Figure 13 shows an amino add sequence (SEQ ID No. 3) obtained from the organism 
Aeromonas hydrophila (P10480; Gl: 121051); 

30 


Figure 14 shows an amino add sequence (SEQ ID No. 4) obtained from the organism 
Aeromonas salmonicida (AAGO98404; Gl:9964017); 
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Figure 15 shows an amino acid sequence (SEQ ID No. 5) obtained from the organism 
Streptontyces coelicolor A3(2) (Genbank accession number NP„63 1 558); 

5 Figure 16 shows an amino add sequence (SEQ ID No. 6) obtained from the organism 
Streptomyces coelicolor A3(2) (Genbank accession number: CAC42 1 40); 

Figure 17 shows an amino acid sequwce (SEQ ID No. 7) obtained from the organism 
Saccharomyces cerevisiae (Genbank accession number P41734); 

10 

Figure 18 shows an amino acid sequence (SEQ ID No. 8) obtained from the organism 
Ralstonia (Genbank accession number. AL646052); 

Figure 19 shows SEQ ID No. 9. Scoel NCBI protdn accession code CAB39707.1 
15 GI:45391 78 conserved hypothetical protein [Streptomyces coelicolor A3(2)]; 

Figure 20 shows an amino acid shown as SEQ ID No. 10. Scoe2 NCBI protein 
accession code CAC01477J GI:9716139 conserved hypothetical protein 
[Strq>tomyces coeUcolor A3(2)]; 

20 

Figure 21 shows an amino acid sequence (SEQ ID No. 11) Scoe3 NCBI protein 
accession code CAB88833.1 01:7635996 putative secreted protein, [Strqptomyces 
coelicolor A3(2)]; 

25 Figure 22 shows an amino add sequence (SEQ ID No. 12) Scoe4 NCBI protdn 
accession code CAB89450.1 Gl:7672261 putative secreted protein. [Streptomyces 
coeHcolor A3(2)]; 

Figure 23 shows an amino add sequence (SEQ ED No. 1 3) Scoe5 NCBI protein 
30 accession code CAB62724.1 GI;6562793 putative lipoprotein [Streptomyces 
coelicolor A3{2)]; 
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Figure 24 shows an amino acid sequence (SEQ ID No. 14) Sriml NCBI protein 
accession code AAK84028,1 GI:15082088 GDSI^lipase [Streptomyces rimosus]; 

Figure 25 shows an amino acid sequence (SEQ ID No. 15) of a lipid acyltransferase 
5 from Aeromonas salmonidda subsp. Sabnonidda (ATCC#14174); 

Figure 26 shows a TLC (solv^ 4) of sample 1 to 10 of crude soya oil treated 20 hours 
wifli enzymes according to Table 4. PC is phosphatidylcholine added in 5 different 
concentrations (reference mat^al). 

10 

Figure 27 shows a TLC (Solv^it 5) of reaction products from lipid acyl transferase or 
Lecitase Ultra™ treatment of crude soya oil samples according to Table 4 (20 hours). 
Cholesterol ester (CHL-ester), Mono-di-Triglycmde (MONO/DI/TRI), and plant 
sterol were also analysed as referraces. Identification of free fatty acid is also 
15 indicated. 

Figure 28 shows SEQ ID No 17 which is flie amino add sequence of a lipid 
acyltransferase from Candida parapsilosis; 

20 Figure 29 shows SEQ ID No 1 8 which is the amino add sequence of a hpid 
acyltransferase from Candida parapsilosis; 

Figure 30 shows alignment 1 ; 

25 Figure 31 shows SEQ ID No- 19. Scoel NCBI protein accession code CAB39707.1 
01:4539178 conserved hypothetical protein [Streptomyces coeh'color A3(2)]; 


30 


Figure 32 shows an amino add sequ^ce (SEQ ID No. 25) of the fusion construct used 
for mutagenesis of the Aeromonas hydrophila lipid acyltransferase gene.. The 
underlined amino adds is a xylanase signal pq>tide; 
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Figure 33 shows a polypeptide sequence of a lipid acyltransforase enzyme from 
Streptomyces (SEQ ID No. 26); 

Figure 34 shovre a polypeptide sequmce of a lipid acyltransfarase CTzyme from 
5 Thermobifida_{SBQ ID No. 27); 

Figure 35 shows a polypeptide sequence of a lipid acyitransferase enzyme from 
ThermobifidaSSEQ ID No. 28); 

1 0 Figure 36 shows a polypeptide of a lipid acyitransferase enzyme from 
Comebacterium efficiens GDSx 300 amino acid_(SEQ ID No. 29); 

Figure 37 shows a polypq)tide of a lipid acyitransferase enzyme from 
Noyosphingobium aromaticivorans GDSx 284 amino acidiSEQ ID No. 30); 

15 

Figure 38 shows a polypeptide of a lipid acyitransferase enzyme from Streptomyces 
coelicolor GDSx 269 aa (SEQ ID No. 31) 

Figure 39 shows a polypeptide of a lipid acyitransferase enzyme from Streptomyces 
20 avermitilis \ GDSx 269 amino add (SEQ ID No. 32); 

Figure 40 shows a polypeptide of a lipid acyitransferase enzyme from Streptomyces 
(SEQ ID No. 33); 

25 Figure 41 shows a ribbon representation of the 1 IVN.PDB crystal structure which has 
^ycerol in the active site. The Figure was made using fhc Deep View Swiss-FDB 
viewer; 

Figure 42 shows I IVN.FDB Crystal Structure - Side View using Deqp View Swiss- 
30 PDB viewer, with glycerol in active site - residues within loA of active site glycCTol 
are coloured black; 
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Figure 43 shows alignment 2; 

Figure 44 shows an amino add sequ^ce (SEQ ID No. 34) obtained fiiom the organism 
Aeromonas hydrophila (P10480; Gt 121051) (notably, this is the mature sequence). 

5 

Figure 45 shows the amino add sequence (SEQ ID No. 35) of a mutant Aeromonas 
salmordcida mature lipid ac)1transferase (GCAT) (notably, this is the mature 
sequence) 

10 Figure 46 shows a nucleotide sequence (SEQ ID No. 36) from Streptomyces 
thermosacchari 

Figure 47 shows an amino add sequence (SEQ ID No. 37) from Streptomyces 
thermosacchari 

15 

Figure 48 shows an amino acid sequ^ce (SEQ ID No. 38) from Thermobifida 
fiisca/GDSx 548 amino add 

Figure 49 shows a nucleotide sequence (SEQ ID No. 39) from Thermobifida fusca 

20 Figure 50 shows an amino add sequ^ce (SEQ ID No. 40) from Thermobifida 
fi(sca/GDSx 

Figure 51 shows an amino add sequence (SEQ ID No. 41) from Corynebacterium 
efficiens/GDSx 300 amino add 

25 

Figure 52 shows a nucleotide sequence (SEQ ID No» 42) from Corynebacterium 
efficiens 


30 


Figure 53 shows an amino add sequence (SEQ ID No. 43) from S. coelicolorl GDSx 
268 amino add 
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Figure 54 shows a nucleotide sequence (SEQ ID No. 44) from S. coelicolor 

Figure 55 shows an amino add sequence (SEQ ID No. 45) from S. avermitilis 

5 Figure 56 shows a nucleotide sequence (SEQ ID No. 46) from 5. avermitilis 

Figure 57 shows an amino acid sequence (SEQ ID No. 47) fix)m Thermobifida 
jusca/GDSx 

10 Figure 58 shows a nucleotide sequence (SEQ ID No. 48) from Jliermobifida 
fiisca/GDSx 

Fig 59 shows TLC (Solvent 4) of reaction products from enzyme treatment of crude 
soya oil samples according to table 6. As refer^ce, phosphatidylcholine (PC) was also 
15 analysed. PE (phosphatydylethanolamine(PE) and lysophosphatidylcholine (LPQ are 
also indicated. 

Fig 60 shows TLC (Solvent 5) of reaction products from enzyme treatment of crude 
soya oil samples according to table 6. References Cholesterolester, mono-di- 
20 triglyceride and plant sterol. Free fatty acid (FFA) is also indicated 

Figure 61 shows an aHgnment of the LI 31 and homologues from SMvermitilis and 
Tfitsca illustrates that the conservation of the GDSx motif (GDSY in LI 31 and 
S.avemiitilis and T,Jusca), the GANDY box, which is eittier GGm)A or GGNDL, and 
25 the HPT block (consid^ed to be the conserved catalytic histadine). These three 
conserved blocks are highKghted 

EXAMPLES 

30 

The purpose of this study was to investigate the possible use of a lipid acyltransferase 
(sometimes referred to herein as a glycerophospholipid Cholesterol Acyl-Transferase 
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(GCAT)) for degomming of vegetable oil like soya bean oil, sunflower oil and rape 
seed oil. 

One pnrpose of this study was to investigate whether in particular a lipid 
5 acyltransferase mutant (N80D) is a more suitable enzyme for degumming. From 

earher studies it is known that lipid ac>itran5ferases (particularly GCATs) catalyse the 
acyl-transfa* of fatty acid from phospholipid to sterols to form lysolecithin and sterol 
esters, 

10 The present study was conducted in a model based on refined soya bean oil where 
phosphatidylcholine and plant sterols w^e added. This model was selected because it 
is easier to anal)^e reaction product in a model system.mstead of using crude soya oil- 
Enzymatic degumming processes of plant oils including soya oil and rape seed oil is 

1 5 expanding in recent years because this process is a cheaper and better process to 

remove lecithins from oiL The enzyme used for oil degumming is a phospholipase Al 
(Lecitase Ultra™ or pancreatic phospholipase A2 - Novozymes A/S, Denmark). 

One advantage of the enzyme of the jH^esent invention when used m degumming 
20 compared with prior art phospholipase A 1 is that the enzyme accordmg to the present 
invention facilitates the formation of sterol esters during the degununing process and 
contributes to the accumulation of sterol esters, which is not achieved with the 
currently used phospholipase Al (Lecitase Ultra™), 

25 Materials and methods. 

Enzymes 

• Lipid acyltransferase according to the present invention: Aeromonas 
salmonicidae enzyme with a mutation AsnSOAsp (amino acid 80 of the mature 

30 enzyme) (SEQ m No. 16 (see Figure 1 0)); 

• Lecitase Ultra (#3 1 08) from Novozymes, Denmark 
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Soya bean oil: Soya olie IP (Item No. 00501 8/ batch nr T -61 8-4) 
Ledthin: L-a Phosphatidylcholine 95% Plant (Avanti #441601) 
Plant Sterol: Generol 122 N from Henkel, Gennany. 
Tocopherol: Alpha-tocopherol ( Item no. .050908/IotJir 4010140554 ) 

5 

Phospholipase activity 
Substrate 

0,6% L-a Phosphatidylcholme 95% Plant (Avanti #441601), 0.4% Triton-X 100 
(Sigma X-100) and 5 mM CaCla was dissolved in 0.05M HEPES buffer pH 7. 

10 Assay procedure: 

400 ill substrate was added to an 1 .5 ml Eppendorf tube and placed in an Eppendorf 
Thennomixer at 37°C for 5 minutes. At time T= 0 rain, SOyi enzyme solution was 
added. Also a blank with water instead of enzyme was analyzed. The sample was 
mixed at 1 0* 1 00 rpra in an Eppendorf Thermomix^ at 37°C for 1 0 minutes. At time 

15 T=l 0 min the Eppendorf tube was placed in another thermomixer at 99X for 10 
minutes to stop the reaction. 

Free fatty acid m the samples was analyzed by using the NEFA C kit from WAKO 
GmbH. 

Enzyme activity PLU-NEFA pH 7 was calculated as micromole fatty acid produced 
20 per minute under assay conditions. 

HPTLC 

Applicator: Automatic TLC Sampler 4, CAMAG 

HPTLC plate: 20 x 1 0 cm, Merck no. 1 .05641 . Activated 30 min. at 160*^0 before use. 
25 Application: 1 pi of a 8% solution of oil in buffer is applied to tiie HPTLC plate using 
Automatic TLC applicator. 

Running buffer 1: P-ether : Mefliyl-tert-butyl-ether : Acetic acid 60:40:1 

Rimning buffer 4: ChloTofonn:Methanol:Water 75:25:4 

Running buffer 5: P-ether : Methyl-tert-butylether : Acetic acid 70:30: 1 

30 

Application/EIution time: Running buffer 1 : 12 min 

Running buffer 4: 20 min 
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Running buffer 5:10 min 

Developing 

The plate is dried in an ov«i at l eO^C for 10 minutes, cooled, and dipped into 6% 
5 cupri acetate in 1 6% H3PO4. Dried additionally 10 minutes at 1 eO'C and evaluated 
directly. 

EXAMPLE 1: Enzvme purification 

10 Sample: The sample lipid acyltransferase (AsnSOAsp) (SEQ ID No. 1 6) was filtered 
through 0.8/0.22 \xm filter. 510 ml filtrate was collected. 

Step 1 . Desalting, Sephadex 25 G, 3 .2 1 gel (1 0 cm id) 

The Sephadex column was prepared as described by the manufacturer (Amersham 
15 biosciences). The column was equilibrated with 20 mM Na-P-boffer, pH 8.0. The 
sample (510 ml) was ^lied to the colximn at a flow rate of 25 ml/min. 815 ml 
desalted sample was collected and kept at +4°C. 

Step 2. Anion exchange chromatography, Q-Sepharose FF 300 ml gel (XK 50) 
20 Q-Sepbarose FF column was prepared as described by the manufacturer (Amersham 
biosciences). The column was equilibrated with 20 mM Na-P-buffer, pH 8.0. The 
desalted sample was jgyplied to the column at a flow rate of 15 ml/min. The column 
was then washed with buffer A. The lipase was ehited with a linear gradient of 0-0.4 
M NaCl in 20 mM Na-P-buffer (pH 8.0, buffer B). Fractions of 15 ml were collected 
25 during the entire run. The lipase was eluted at approx. 0.2 M NaCl, and no lipase 
activity was detected in running through fractions. 

Enzyme Assay based on PNP-caprylate 

The assay was performed using PNP-Capylate as substrate as follows: 
30 10 mg of substrate solved in 1 ml ethanol and was mixed with 9 ml of 50 mM Tris- 
HCL buffer (pH 7.3) containing 0.4% TXIOO. 
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240 ^il of substrate was pre-incubated at 35 degree C. The reaction was initiated by the 
addition of 25 ^1 of sample/blank. The mixture was mcubated at SS^'C for 5 min with 
shaking. Using a spectrophotometer, the formation of PNP was measured continual]y 
at 410 nm. The blank run contains all the components with buffer instead of sample. 
5 One unit of lipase activity was defined as the amount of aizyme releasing I |il of fi-ee 
caprylic acid per minute at 3 5®C. 

Determination of molecule wei^t and purity. 

SDS-PAGE was carried out on a 4-12% Nu-PAGE gel (+DTT) and Coomassie stained 
1 0 according to the manufacturers instructions (Novex, USA). The standard marker was 
See Bine Plus2 and was obtained from Novex, USA. 

Results 

15 The chromatogram from Ion Exchange Chromatography (lEC) purification of the lipid 
acyltransferase mutant N80D is shown in Fig.L The firactions collected were analyzed 
for lipase activity (based on PNP-Caprylate assay). The activity of the Sections is 
illustrated in Fig 1 -a, 

20 The fractions containing lipid acyltransferase activity (27-39, 195 ml) were pooled. 
The final recovery of the partly purified lipid acyltransferase was approx. 80% (based 
on pNP-CapryMe assay). 

25 Fractions of the purified lipid acyltransferase were subjected to SDS-PAGE gel 
electrophoresis. 


30 


The SDS-PAGE gel revealed lipid acyltransferase protein with a molecular weight of 
approx. 28 KDa. The partly purified lipid acyltransferase contained a minor impurity 
at approx 10 KDa (see Figure 2). 
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The lipid acyltransferase pool 27-39 after lEC was analysed for phospholipase activity 
with the result of 20.4 PLU-7/inl. 

The overall purijBcation scheme is presented in Table 1 , in which the lipid 
5 acyltransferase was partly purified with a recovery of 80%. 


Table 1, Purification of the lipid acyltransferase 


Sample 

Vol. 

VMax 

Dflntion 

Tot. Units 

%Recovery 

Grade (Q3+Q4) 

510 

1.150 

100 

58650 

100. 

Desalted crude 

815 

0.697 

100 

56806 

97 

Pool 27-39, Q-Sep. 

195 

1.203 

200 

46898 

80 


15 

EXAMPLE 2: Degumtning expaiment 

Hie lipid acyltransferase sample from Example 1 was used for degunmiing studies in 
the formulations shown in Table 2. 

20 

Plant sterol, alphar-tocopherol and phosphatidyldioline were dissolved in soya bean o\ 
by heating the oil to 90 "C. The oil was thai cooled to approx 40 °C and the enzyme 
was added. The sample was placed at 40 "C for 17 hours during agitation and then a 
sample was taken out for HPTLC analysis by dissolving the sample in Chloroform 
25 .Methanol 2:1. 
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Table 2. Soya bean oil models with alpha-tocopherol and plant sterol, used for testing 
of the lipid acyltransferase. 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Soya bean oil 

% 

98 

97 

97 

96 

97 

96 

96 

95 

96 

92 

Alpha-tocopherol 

% 





1 

1 

1 

1 

1 

1 

Plant Sterol 

% 



1 

1 



1 

1 

1 

1 

Phosphatidylcholine 

% 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

lipid acyltransferase 












pool 27-39 

% 


1 


1 


1 


1 


4 


The results from the HPTLC analysis are shown in Figure 3 and Figure 4. 

5 

The TLC results shown in Figure 3 clearly show that phosphatidylcholine is ahnost 
100% removed by adding the lipid acyltransferase to the oil. Only sample no. 10 
contains small amount of phosphatidylcholine. Sample no. 10 has the highest amount 
of water, which indicates that for degumming the orzyme may work better in low 
10 water formulations, or it could be explained by the fact that because sample no. 1 0 
contain 5% water a two-phase system is formed, which mi^t cause less contact 
between the reactants and the enzyme. 

From the results shown in Figure 4 is was observed that small amount of fatty acids 
1 5 are formed, but when sterol or alpha-tocopherol is also available in the oil the amount 
of free fatty acids is lower, because the fetty adds from phosphatidyldioline it 
transferred to the sterol or tocopherol to form sterol-esters and tocopherol-esters. 

The formation of sterol esters is clearly sera from flie JLC results shown in Figure 5. 
20 It should be noted that the reference material used, cholesterol ester, has the same 
retention time as plant-sterol-esters. 


25 
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EXAMPLE 3: Degumming experiment (2^ 

In another expOTment the lipid acyltransferase pool 27-39 from lEC chromatography, 
was tested at difFerrat enzyme dosages and watar concentrations in soya bean oil with 
5 phosphatidylcholine and plant sterol In this experiment a commercial phospholipase 
Lecitase UJtra™ was also tested in a concentration recomm^ded by the suppli^ for 
degumming. The composition of the samples for this experiment are shown in Table 3 

Table 3. Soya bean oil model with plant sterol used for testing of the lipid 
1 0 acyltransfer^e, and Lecitase Ultra™ 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Soya bean oil 

% 

96,6 

96,6 

96 

92 

96 

92 

95 

92- 

96 

92 

Plant Sterol 

% 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Phosphatidyidioline 

% 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Lipid acyltransfeiase pool 












27-39 

% 


0,4 

0,4 

0,4 

1 

1 

2 

2 



Lecitase Ultra™, 1% 












solution 

% 









0,3 

0,3 

Wat«- 


0,4 


0,6 

4,6 

0 

4 

0 

3 

0,7 

4.7 

Units /g oil (PLU-7/g) 


0 

0,08 

0,08 

0,08 

0,2 

0,2 

0,4 

0.4 

1,03 

1,03 


Plant sterol and phosphatidylcholine were dissolved in soya bean oil by heating to 
95°C daring agitation. The oil was ihen cooled to 40 °C and the enzymes were added. 
The sample was maintained at 40 "^C with magnetic stirring and samples were taken 
1 5 out after 4 and 20 hours and analysed by TLC. The results from the HPTLC analysis of 
samples taken out after 4 and 20 hours are shown in Figures 6 to 9. 

The HPTLC results indicate that the lowest dosage of the lipid acyltransferase (0.4% 
corresponding to 0.08 PLU-7/g oil) is sufficient to rOTiove phosphatidylcholine in soya 
20 bean oil after 20h reaction time. It is also observed that the hi^est dosage of water 
(5%) seems to have a detrim^tal effect on the lipid acyltransferase for the hydrolysis 
of phosphatidylcholine in flie oil. It is therefore expected that the lower degree of 
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hydrolysis in the sample with highest dosage of the lipid acyltransferase conversion is 
explained by that fact that more water is also added to the sample. Contrary to this it is 
observed that Ledtase Ultra™ has a lower degree of hydrolysis of phosphatidylcholine 
in the lowest dosage of water (1%), whereas Lecitase Ultra™ almost completely 
5 removes phosphatidylcholine in the sample with 5% water. 

The results from Figure 7 also indicate that the main part of the plant sterol is 
converted to plant sterol ester in samples treated with the lipid acyltransferase whereas 
no sterol esters are formed in the samples treated with Lecitase Ultra™. Figure 7 
10 indicates that Ledtase Ultra™ produce more free fetty adds (FFA) than the Upid 
acyltransferase. 


Conclusion 

1 5 Degumming experiments with a model soya bean oil containing phosphatidylcholine, 
plant sterol and tocopherol has shown that a partially purified lipid acyltransferase 
enzyme is able to remove all phosphatidylcholine concomitant with the formation of 
plant sterol esters, and only to a small extent free fatty adds are formed. 

20 One fiirther advantage of the lipid acyltransferase is the formation of sterol esters, and 
in particular tocopherol ester, because sterols esters (induding tocopherol ester) 
provide beneficial health properties. In conventional edible oil processing, following 
degumming the aqueous phase containing the hydrolysed polar lipid (e.g. phospholipid 
and/or glycolipid) is separated from the oil. Conventionally sterols are removed from 

25 fte edible oil during the oil refining process (this is sometimes referred to as 

deodorising). . However, the sterol esters (and tocopherol ester) resist deodorisation 
and feus remain in the ofl. Accumulation of sterol esters in the oU is attractive because 
it has been shown that higher intake of plant sterol esters reduces the risk for 
cardiovascular diseases ra humans. 


30 


The experiment also mdicates fliat the Hpid acyitransferase is able to make tocopherol 
estess, whidi will also accumulate in the oil. 
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This will contribute to improved oxidative stability of the oil and thus is a farther 
braefit to using the lipid acyltransferase in accordance with the prescmt invention for 
degumming. 

5 

EXAMPLE 4: Degunaning experi tnent in crude oil 

In another experiment, the lipid acyltransferase pool 27-39 from lEC chromatography 
was tested at different enzyme dosages and water concentrations in arude soya oil 
10 (before degumming) obtained from The Solae Company, Aarhus, DenmarL hi this 
experiment, a commercial phospholipase Lecitase Ultra™ was also tested in a 
concentration recommended for degumming by the supplier. The composition of the 
samples for this experiment is shown in Table 4. 

15 Tie samples were placed in a heating block at 40 °C during agitation with a magnetic 
stirrer. Samples wwe taken out after 20 hours for analysis. 


Table 4 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Crude soya oil 

% 

99,5 

99,5 

99 

98 

97 

98 

95 

99,7 

99 

95 

Lipid 

Acyltransferase 

% 


0,5 

1 

1 

1 

2 

5 




Lecitase Ultra™ 
#3108,1% solution 

% 








0,3 

0,3 

0,3 

Water 

% 

0.5 

0 

0 

1 

2 

0 

0 

0 

0,7 

4,7 


20 


The oil samples were analysed by HPTLC with the results shown in Figure 26 and 27. 


Hie TLC analysis in Figure 26 indicate that the lipid acyltransferase efSdently 
removes the phospholipids m cmde soya oil without leaving any lysoledthin in the 
25 sample (sample 3, 4, 6 and 7). Lecitase Ultra™ also removes the phospholipid (PC), 
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but some bands aie remaining in the chromatogram, which is expected to be 
lysolecithin. It is also observed that lipid acyltransferase woiks in very low water 
environment, but Lecitase Ultra™ needs 1% to 5% water to work. 

5 The results in Figure 27 confirm that lipid acyl transferase converts the free sterol to 
sterolesters and Lecitase Ultra™ has no effect on sterols. Figure 27 also indicates that 
some free fatty adds are formed both in samples with lipid acyl transferase and 
Lecitase Ultra™. The reason for the free fetty acid formation with lipid acyl 
transferase is explained by the fact that there is not enough acyl-donor (sterol) 

10 available, and therefore some hydrolysis also occurs. 

Sample 1, 2, 3, 6, 8 and 10 from table 4 were analysed by GLC and the amount of 
sterol and sterol esters were quantified. The results are shown in Table 5. 

1 5 Table 5. GLC analysis of sterol and sterol «ters 
In crude soya oil treated with enzyme (Table 4) 


Sample 

Enzyme 

Sterol 

Sterolester 

no 


% 

% 

1 

Control 

0,25 

0,07 

2 

0,5% Lipid acyltransferase pool 27-39 

0,13 

0,13 

3 

1% Lipid acyltransferase pool 27-39 

0 

0,26 

6 

2% Lipid acyltransferase pool 27-39 

0 

0,22 

8 

0,3% Lecitase Ultra™ 1% solution 

0,25 

0,03 

10 

0,3% Lecitase Ultra™ 1% solution+ 5% wat«- 

0,27 

0,05 


The results in Table 5 confirm the ability of the lipid acyl transferase of the present 
invention to convert all sterol in crude soya oil to sterol ester, and a commercial 
20 phospholipase Lecitase Ultra™ showed no effect on sterol. 
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CONCLUSION 

The effect of the lipid acyl transferase of the present invention on crude soya oil 
confirms that the lipid acyl transferase of the present invention effectively removes 
5 phospholipids in the crude soya oil concomitant with the fomiation of sterol esters. 

Example 5 

In another experiment, phospholipase firom Streptomyces thermosacchari LI 31 was 
1 0 tested in crude soya oil. 

The results confirm that ip\iQsp\io\i^diSO Streptomyces thermosacchari LI 31 effectively 
hydrolyses phospholipids m cmde soya oil and is a suitable alternative enzyme for 
degumming of plant oils. 

15 

Enzymatic degumming proc^ses of plant oils including soya oil and rape seed oil are 
currently expanding because this process is a less expensive and better process to 
remove lecithins from plant oils. The enzyme commercially used for oil degumming is 
a microbial phospholipase Al or an animal derived phospholipase A2. 

20 

A (phospho)lipid acyl transferase Streptomyces thermosacchari L131 is another 
enzyme, which can be used for degumming. 

Introduction 

25 

The pmpose of this study was to investigate the possible use of a lipid acyltransferase 
firom Streptomyces thermosacchari LI 31 for degumming of vegetable oil like soya oil, 
sunflower oil, and rape seed oil. 

30 Traditionally, two processes have been used for degumming of oils, namely the 
physical degumming and the chemical degumming. Bade in the 1990*es, the 
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enzymatic degumming process was developed, based on the use of pancreatic 
phospholipase. Because this enzyme was non-kosher, the phospholipase was 
substituted by microbial phospholipase Al. The enzymatic process hsis several 
advantages over the chemical or the physical degumming processes inchiding cost 
5 savings, higher yield, and a more environmentally desirable process. 

The purpose of this study was to investigate whether lipid acyitransferase ftom 
Streptomyces thermosacchari LI 31 would be a suitable enzyme for degumming. From 
the studies described above Streptomyces thennosaccltari LI 31 is known to have 
10 hydrolytic properties against galactolipids and phospholipids without showing any 
activity on triglycerides, and it is expected that this enzyme also facilitates transferase 
reactions in certain environments with low water content This study was conducted in 
crude soya oil with the natural contait of phospholipids. 

15 Materials and methods 

Efjzyme 

K371( jour 2390-30): Streptomyces thermosacchari LI 31 IS. Hvidans freeze dried on 
starch. 

(Activity: 108 PLU-7/g). 
20 Lecitase Ultra (#3 1 08) from Novozymes, Denmaric 

Cholesterolester, Fluka 26950 
Plant Sterol: Generol 122 ISI from Henkel, Gennany 
Crude soya oil from The Solae Company, Aarhus Denmark 
25 Lecithin: L-a Phosphatidylcholine 95% Plant (Avanti #441601) 

Phospholipase activity 
Substrate: 

0.6% L-a Phosphatidylcholine 95% Plant (Avanti #441601), 0.4% Triton-X 100 
30 (Sigma X-100), and 5 mM CaCh were dissolved in 0.05M HEPES buffer pH 7. 
Assay procedure: 


wo 2006/008508 


PCT/GB2005/002823 


100 

400 fil substrate was added to a 1 .5 ml Eppendorf tube and placed in an Eppendorf 
ThOTnomixer at 37°C for 5 minutes. At time T= 0 min, 50^1 enzyme solution was 
added. Also a blank with water instead of enzyme was analyzed. The sample was 
mixed at 10*1 00 ipm in an Eppendorf Thermomixer at 3TC for 1 0 minutes. At time 
5 T==l 0 min the reaction was stopped by placing the Eppendorf tube in another 
themiomixer at 99^C for 10 minntes. 

The free fatty add content of samples was analyzed by using the NEFA C kit from 
WAKOGmbH. 

Enzyme activity PLU-NEFA pH 7 was calculated as micromole fatty acid produced 
1 0 per minute under assay conditions. 

GLC (Gas Chromatography) 

Perkin Elmer 8420 Capillary Gas Chromatography equipped with WCOT fused silica 
15 column 12.5 m x 0.25 mm ID x 0.1 pm 5%phenyI-methyl-silicone (CP Sil 8 CB from 
Crompadc). 
Carrier: Hehura. 
hijection: 1,5 with split 
Detector: FID. 385 °C, 


20 Oven program: 

1 

2 

3 

4 

Ovea temperature [°C] 

80 

200 

240 

360 

Isothermal, time [min] 

2 

0 

0 

10 

Tempwature rate [°C/min] 

20 

10 

12 



25 Sample preparation: Lipid extracted from 0,2 gram sample was dissolved in 2 mL 
heptane: pyridine 2:1 containing an internal standard hq)tadecane, 2 mg/mL. 500 jiL 
of die sample was transferred to a crimp vial 100 jiL MSTFA (N-Methyi-N- 
trimethylsilyl-trifhioracetamid) was added and the reaction incubated for 15 minutes at 
90^C. 


30 
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HPTLC 

Applicator Automatic TLC Sampler 4, CAMAG 

HPTLC plate: 20 x 10 cm, Merdc no. 1 .05641 . Activated 30 minutes at 160°C before 
use. 

5 Application: 1 ^il of a 8% solution of oil in buffer was applied to the HPTLC plate 
using Automatic TLC applicator. 

Running buffer 4: Chlorofonn:Methanol:Water 75:25:4 

Running buffer 5: P-ether : Methyl-tert-butyl-etha: : Acetic add 70:30:1 

10 

Application/Elution time: 

Running buffer 4: 20 min 
Rtmning buffer 5: 10 min 

15 Development 

The plate was dried in an oven for 10 minutes at leO^'C, cooled, and dipped into 6% 
cupri acetate in 16% H3PO4, I>ried additionally 10 minutes at 160''C and evaluated 
directly, 

20 Results. 

DejEommiing experiment. 

Streptomyces thermosacchari LI 31 was used for degumming studies in the 
formulations shown in table 6. 

25 The samples were placed at 40°C for 1 8 hours with agitation, after which time a 
sample was collected for HPTLC analysis by dissolving the sample in Chloroform 
:MeftanoI 2:1 
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Table 6. Degumining of crude soya oil 
And Lecitase Ultra 

Grade soya oil % 

K371, 10% in water % 
Lecitase Ultra™ #3 108, 1% in 

water % 

Water % 


102 

ith Strepiomyces thermosacchari L131 

1 2 3 4 5 6 

~99 99 98 97 99,7 99 
1 2 3 

0,3 0,3 

1 0 0 0 0,7 


The results from the HPTLC analysis are shown in fig. 59 and 60, 

5 

Fig 59 TLC (Solvent 4) of reaction products from mzyme treatment of crude soya oil 
samples according to table 6. As reference, phosphatidylcholine (PC) was also 
analysed. PE (phosphatydylethanolamine(PE) and lysophosphatidyldioline (LPC) are 
also indicated, 

10 

Fig 60 TLC (Solvent 5) of reaction products from enzyme treatment of cmde soya oil 
samples according to table 6. Referraces Cholesterolester, mono^yceride, diglyceride, 
triglyceride and plant sterol. Free fatty acid (FFA) is also indicated 

1 5 The TLC results in Figure 59 clearly show that phosphatidylcholine was completely 
removed by adding Strepiomyces thermosacchari LI 31 to the oil. Only the lowest 
dosage (sample 2) did not conq)letely hydrolyse the phospholipids. Lecitase Ultra™ 
also hydrolysed the phospholipids in the oil when 5% wat^ was available (sample 6) 
but without adding extra water (sample 5) only part of the phospholipids were 

20 hydrolysed. 

The results shown in fig. 60 indicate that the hydrolysis of phospholipids is coincident 
with the fonnation of free fatty acid 


25 


Conclusion. 
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The lipid acyltransf erase from Streptomyces thermosacchari L131 effectively 
hydrolysis phospholipids in crude soya oil during formation of free fatty adds. 

All publications mentioned in the above specification are herein incorporated by 
5 reference. Various modifications and variations of die described methods and system 
of the pr^ent invention will be apparent to those skilled in the art without departing 
from the scope of the present invention. Although the present invention has been 
described in connection with specific preferred embodiments, it should be understood 
that the mvCTtion as claimed should not be unduly limited to such specific 
1 0 embodimaits. Indeed, various modifications of the described modes for carrying out 
the invention whidi are obvious to those skilled in biochemistry and biotechnology or 
related fields are intended to be within the scope of the following claims. 
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BTOAreST TKSATy OK THE INTEIINATI(»UL 
RECOGNITION OF THE DEPOSIT OPMICROOltGANlSMS 
ron TfflB FURPOSES OF TATENJ PROCEDURE 

■ 1 INTERNATIONAL FOKM 


Langjdxiogadc I 
D&JOO] Copciifaageo 
Denmark . 


RECEIPT THE CASE OF AN OlOGCfAL DEPOSIT 
fesaed pmsnaiit to Knle 7 J by title 
INTERNATIONAL DEPOSITARY AUTHORITY 
Itotifi^ at (be bottom Df tius 


ItAME AMP ADDRESS QfF PEPOSTTDil 


IDENHFICATION OFTHEMlCROORGANia^ 


Idenb'fication reference ^byfiie Acccsami number ^vcn by ttes 

^^f^OSmm: INTERKATIONALDEP<^ARYAtnHORirY: 

EstAeriditacoU NCIMB 41204 
TOPlppPetl2aA}tydro 


IL SCIEKn FIG DESCRIFnON AJflDADR PROPOSED TAX0NC»4IC EffiSlGNATlON 


Ibc miciooi-gamsm idexuified isidcr 2 above was accmnp^ed by: 

} ^1 a proposed taxononucde^gnstion 
(Maik-wiA a cross 'viiiere ^iplicable} 


HL .R3KaEIPTA>4D ACCEPTANCE 


Tbfe Inlemational Depositaiy Authority accepts (he nrnnMHgaarfan jdeotified wider I above, which>m received Wit i 
22 December 2003 (date oTfiie origiDai dsposU}' 


IV. RECEIPT OP REQUESTPOR CONVERSION 


Tbe nucTDaisanism Identified under I above was receiv^ by ttis Jntcroatioiial Dcpositaiy Authorify os 

^ of &e ofigiDai deposit) asd a reqnest to convot the origfeal deposit to a deposit under Ihc Budapca TVeaty Vfss received 

by itoa 

(date c^rcceipt of request far can v erskm) 
V. IKIBRNATIONAL DEPOSTTARY AUTHORnY ^ ~ 


Namcr WOMB Ltd, . Signature(s)ofpersoi<fi) having Ott power to ri^Jiesentfte 

Intonrfional DepositaTy Aidhority or of audiodsed 

A4Jrc^23StMadiarDrivc 'T^t^ca ^J-^^ 


Aberdeen Date: 9Jamuaiy2004 

AB24.3RY 
Scotiand^UK, 


^^^^^^ VniercRn]e6/4(d) applies, siwb date fetbc dale on wbidi die status of fat^ 

P ^,— Trt>/ii r^t^ ^^.i 
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BUD AraST TREATY m THE INTERNATIONAL 
RECOGNITION OF THE DiyOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT FROCEBBRB 


INimUTIONAL FORM 

YIABnJTY STATEMENT 
issmd pmsuantloRtilr 10^ by the 
IKmiNATIONAL BEPOSTTAKY AOTHORTTY 
identified on ihe foBofWisg page 


. NAME AND AUDRESS OF THE P ARXr 
TO WHOM TOE VlABIUry STATEMENT 


2. 

DEPOSITOR a IDH)>ninCATK»^OFTHEM)C3tOORGA>nSM 

Name: AS ABOVE Ac«ssian number giveo by the 

INTERNATl<:B4ALIWEK)SrrARyAlJIHO}^ 

Address: NOMB 41204 

Paleofte deposit or of file transfer': . 


22DecwMa>cr20a3 

la 

VIABimY STATEMENT 

The viaHlity of fhe nucroorgamsm identified under H a3>0ve was tested on 22 Decemto' 2003 \ On tbai date, tbe said imoDOT^gamsm 
was: 

X 

3 

viable 

DO JongcT viable 

I 

IndScate fte date of (be origiiial dcpo^ or» v/hat ^ustf deposH or b UBns&r lias been n^e^ the most lecent leleifaBt 
* date (date offtc new deposit or dale of tfwtranfifa). 

3 

in tsc cases referred to id Ride 1 O^aXu) and OiiX ^ ™^ recent viabdtty test 

3 

Mai)c vnSi a cross the applicable box. 


DaniscoA/S 
LangetiroBBde 1 
DK-1001 Copaibagen 
Deamaxk 


Tom B?i9 (first page) 
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IV. CO^®mo^BU^IDER WHICH THE VIAMJ^ 


V. INTOmATlONAL DEPOSITAKY AircBORny 

Nanse; NCIMBlid^ 

Address: 23 St Madurlhive 
Aberdeen 
AB243RY 
Scotland * 


Fill HI if ifee I'nformatiQn has been icquested and if Ihe results of ^ test were negatfvt 


foam Bl»^ (second and page) 


Si^iatoe(s) of persan(s) having the power 
to represent &e Intematio&al Depositary 
AnttKxrity or of authorised offic2a1(s): 

I>ale: 9 January 2004 
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BTOAPEST TREATY ON THE JNTERNATldNAL 
K£COGNmOK OP TH£ DEPOSIT OP MICROOKGANI^VIS 

pon rm purposes op patent ntocEmxRE 


;DamscoA/5 


DK-1001 CopeDhageaa 
Demnaik 


Bm&NATIONAL PCmM 

ttECSSFt IN THE CASE OF AN OWGIN AL DEPOSIT 

INTERNATICMUL BEPOSITAKY AUTBOJUTV 
idcDfified at the bottom oTdib page 


KAMEAWPAfiPRESSOFPgOOTMl 


IDENTOICATION OF THE MlCaUDORGANKM 


IdeaitificBlicm relcTcnce ^vcn ly the 

PEPOsrron: 

Exheriehia coH 

TCa'1€jiPctl2aAsalKix> 


Accession number grven by&c 
INTERNAnONAL DEPOSHARY AUTHORnY: 

NCaMB 41205 


EL SOEhm FlC DESCaOPTICW AND/OR PROPO^ TAXONOMIC DESJGNATION 


The nucroorga&isin identified under 1 above was accon^ranied by; 

I j a proposed tsKOXKitmic dcsigBBHoii 
(Made wHh a cross vriarc applical^e) 


nL RECEIPT AND ACCEPTANOE 


This bEtcmaHDnal Depositary Ai^bonty accepts tbe iddDorganism Bcstifted osder I above, Wbxdi vras received by it oa 
22DecBaaber20Q3 (date of file odgmfil deposit)' 


IV. RECCTPTCT REQUEST FOR CONVERSION 


Die imorvoorganissn identified vndcr I above was received by &ls IntmiatioDQl Depositary Authority od 

(date of die origmal deposit} astd b request to convert tbe onginal dqjosit to a depost imder the Budapest Tteaty was received 

byiton 

(dste of rec^pt of reqtte^ far coaiver^on} 


V. INTCRNA^30^'AL DEPOSITARY AUTHORnY 


Name: NQMBLhL, 


Adc^ess: 23 St Macbar Drive 
AbcxdeeD 
AB243RY 


Signatiire(s) of persan(s) lavirtg the power to represent the 
Intematioosi Depositary Aotbority or of au&orised 


Dste: 9 Jamiaiy2004 



Where Ri]^ 6/4(d) appHcs; sudi date i&die date on whidik the status of bitea>3tio9ia] Depositaiy Auaxirity was 
acquired 

Fonn BP/4 fsole nape> 
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BUDAPEST TOEATf ON THE INT^^ 
JffiCOGNmON OF THE BIJ^OSTT OF MICROORGANISMS 
FOSt TH£ FimPC^S OF PATEm* FROCEDX7R£ 


: , INTERNATK>NAl,FaRM 

Bailed A/S VIABIUTY STAT£M£3VT 

Laaageisrogade 1 Issued pmsoant lo llBfe 10^ by the 

DK-lOOl Cqpenhageo p«iaWATK)NALBEI»a5n'ARY AOTflORmr 

Demnaik identilied os Itie foDowbig pa^ 


NAME Am AOmSBS OF THE PAKIY 
TO WHOM THE YIABHOT STATBim^ 
IS ISSUED 


L 

DEPOSmSl 

XL IDENTIFJCA'nON OSF THEMICROORGANiai 


Name: AS ABOVE 
Address: 

Accesion mmiber gfven hy the 
INXERfUHONAL DEPOSTTARY AUraCffUTy* 
NaMB4l2Q5 
of &e deposit or of the tt^isfex': ^ 




22Deciai*er2003 


in. 

viABiLrry srAmiENr 





X 

viable 

3 

no longer liable 




Indicate the dsit of &t wigmal dcpodi or, xvkcrt a new depost or a traisfcr has heat niadc. tiie niost recem rckvaoi 
date (dale of tte new deposit or date ofihc trans&r). 

In flje cases Tefaied to in Me 1 0^3^) and (iU), refer to ft e most i«ccnl vtAOily test 
Mark with a cross thd ^qiikabfe box. 


Fonn BP/9 {firrf p^) 
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IV- COOTffTlCI^ UNDER ^WHICH THE VIABttlW 


V. 


INTERKATrOWAL DEPOSITARY Al/IHORnY 


AddrcsE: 23 Si Madiar I>ive 
Aberdeen 
AB24 3RY 
Scotland 


Signaturc(s) of pcrMm(s) Ismng die power 
to represent tl» lDternatlc»a3 X>epod!2ry 
AxsXhanty at of anOiorised officia1(5)! • 


Date. 9JamQ!ry2004 


Fin hi if tiie infonnation has been requested and if die results of &e test were negadve. 


Fom BP/^ (seccmd and last page) 
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BUDAPEST TREATY ON TBDE INTERNATIONAL 
RfiCOCSmiON OF THE DEPORT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PROCE3)URE 


Danisco Jntellectaal Assets 
Danisco A/S 
Langebiogade 1 
DK-1001 Copenhagen 
Demnaik 


INTERNATIONAL FORM 

RECEIPT IN THE CASE OF AN ORICTSAL DEPOSIT 
issued jmrsuaxit toRfile 7J Ijy die 
INTERNATIONAL DEPOSITARY AUTHORITV 
Identified at ibz htOtom oftbas page 


NAME AND ADDRESS OF DEPOSnOR 


I. IDENTinCATION OF THE MICROORGANISM 


Idcntificatkm reference fiivfio by fee Accession nranbcrgrven by the 


DEPOSITOR: 


INTERNATfONAL DEPOSITARY AUIHOiOTY: 


Stnptomyces sp, NCIMB 41226 

L130 


IL SCEEKn nC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 


The micTODrganism identified n&der J above was accozapamcd by: 
I I a sdentific descriptira 


^ J a proposed taxonomic desig]>adon 
(Mark widi a cross ^wkm ^bcable) 


m. RECEIPT AND ACCEPTANCE 


This lateraadonal D^ositaiy Andiority accepts the microorgamsm identified nnder I above, which was received by it on 
23Jtmc2004 (dale of fee original dq>osity 


IV- RECEIPT OF REQUEST FOR CONVERSION 


Hie miaoorEanisna identified under I above was received by this International Depositaiy Anfeority on 

(date of fee ordinal deposit) and a request to ccsivert fee ori^nal deposit to a depoat tmder fee BndMcst Treaty was received 

by it on -r- j 

(date of receipt of request for co&vession) 
V. INTERNATIONAL DEPOSITARY AinHORITY ""^ — . 


Name: NOME Ltd, Signalure(s)ofpcison{s) having the power to represen 

Iotema£tonal Depositary Anfemity or of autfaonsed 
officials): 

Address: 23 St Afachar Drive ^""^^^ CjC^^^^'^^ 

Aberdeen Patc: 2SJimc20(M 

AB24 3RY 

Scotland^UK. 

^wc^5e6A4(d)^ 

Form BP/4 (sole page) 
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BUDAPEST TREATY ON THE INTER?lAT10NAL 
RECOGNraON OF TBOE I>EPOSrr OF MICROORGANISMS 
KMl THE rtfRPOSK OF PATENT PROCEDURE 


INTERNATIONAL FORM 

VIABILITY STATEMENT 
issued porsDanttoRide 102 by the 
INTERNATIONAL BEPC^TEARY AUTHORITY 
ideDiifaed on tbe foDowing page 


NAME ANI> ADDRESS OF TEE PARTY 
TO WHOM TBE VIABimY STATEMENT 
IS ISSUED 


L 

DEPOSITOR XDENimCAnON OF THE MICROORGANISM 

^sjacic: AS ABOVE Acccssioa wmiber given by fee 

INTERNATIONAL DEPOSITARY AUTRORnY: 

^^^jdrcss: NCIMB41226 

Date of die deposit or of the transfer: 


23Jiine2004 

m. 

VIABILriY STAIEMEHT 

The viabOity of tbe inicroorganjsm identified under 11 above was tested on 25 June 2004 \ On ibat date, die said imuooi^anism was: 

X 

i 

viable 


no longer viable 

1 

Indicate d)e date of tbc original dqjosrt or, 'vdsere a new deposit or a transfer bas been made, Ibe roost recent lelevant 
date (date of the new^ depodt or date of the transfer). 

2 

b the cases refened to in Role 1 0JlCa)(ii) and fiiiX refer to die most recent viability test 

3 

Mark with a cross the applicable box. 


Fonn BP/9 (fest page) 


Damsco irtellectual Assets 
Danisco A/S 
Langebrogade 1 
DK-1001 Copesnhagen 
Demnadc 
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IV. CX>KDmONS VmEk WHICH THE VIABEJIY TEST HAS BEEK PERFORMED*. 


V. INTCRNATIOKAL DEPOSTTAKY AUTHORTIY 


Name: NQMB Signature(s} of pa5cm(s) having &e power 

to represent &c Internationa] DqDOsitary 
Address: 23 St Mad^ Drive Au^rity w of sitiiorised (^da^s): 

AB243RY 

Scotland Date; 28 Jane 2004 


Fin in if the infom^otn bas hcea requested and if the results of &e test were negative. 


Faun BP/9 (scccmd and hst page} 
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BUDAPEST TREATY ON THE BTTCRNATION AL 
RECOQanON OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PDRPOSES OF PATENT PROCEDtJRE 


Danisco Intellectiial Assets 
Damsco A/S 
Langebrogade 1 
DK-1001 Copenhag^ 
Denmark 


INTERNATIONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
isssed pnrsnaxit to Rn]e 7.1 by the 
INTERNATIONAL DEPOSTTARV AUTHORITY 
ideotified at tbe bottom of tfais page 


NAME AND ADDjtESSCyDEPQgTDR 


IDENI3F1CAII0N OSF THE MK3^00RGAN1SM 


Idoitification lefercoce given by Ac Acccsdon mniba giveiJ by fee 

DEPOSITOR: INTEia* ATKJNAL DEPOSITARY AUIBORnY: 

Serspion^^sp. NCIMB 41227 

L13I 


IL SOENn FlC DESaoraON Am/OK PROPOSED TAXONOMIC DESIGNATION 


imcroorganisai identified under I above was acconnpamed by: 
a sdentijEe descripdoQ 


□ 


■j^ j a proposed taxoDoimc desagxzatio& 
(Maik witb a cross vfbexz ^pp&cable) 


DL RECEIPT AND ACCEPTANCE 


"Ms IiitematioBal Dqjositary AcAosnty accepts Ac mcwtxgsmsm identified under I ^ove, whkh was received bv it « 
23 June 2004 (date of die ordinal deposit)* 


IV. RECEIPT OF REQUEST FOR CONVERSION 


The microoiganism identified nader I abo^ 

(date of die original deposit) and a request to amvert the original deposit to a deposit under &e Bud^«st Treaty was received 
by it on 

(date of receipt of request for conversion) 
V," INTERNATIONAL DEPOSItARY AUTHoSflY — — _ 


NOME Lt±. Sgnature(s) of person(s) havingfte power to rej^scnt the 

Intcmatioial Depositaty Andiority or of authorised 
of5dal(s): ^ — ^.^^ 

Address: 23 ^Macbar Drive /k^^CJi^ ^J/c^>^J ^ 

Aberdeen I>atc: 28June2004 

AB24 3RY 
Scodaod^UK. 


Where Rule d/4(d) ajij&s, snrfi date is the date on which Ac status of IntenHdonal DeposHary Authority was 
Fami BF/4 (sole page) 
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Bm>AP£ST TREATY ON THE INTERNATIONAL 

REcxxa^moN of the depostt of microorganisms 

FOR THE PURPOSES OF PATENT PROC^IIRE 


international FORM 

mBIUTy STATKVIENT 
issaed pmsoziit to Rnle l(L2by fht 
INTI»2UTI0NAL DEyOSrrARY AOTHWUTY 
Idcntilied on tbe foDowing pagt 


NAME AND ADDRESS OF THE PARTY 
TO WHOM THE VIABIUrY STATEMENT 
IS ISSUED 


L 

DEPOSITOR IL IDENTTFICAHON OF TtlE MICROORGANISM 

Name; AS ABOVE Accesskmnrahber given by &e 

INTERNATIONAL DEPOSTEARY AmHORTTY: 

Address: NOOMB 41227 

Dale of the dq>dsit or of the trans&r't 


23Jime2003 

m. 

VIABIUTY STATEMENT 

Tbe viability of the mkroorgaoism ideatified imder U above was tested on 25 June 2004 \ Oa dtat date, &e said nncroorganism was: 

X 

3 

viable 

3 

BO kmger viaible 

] 

Indicate ib& date of die original deposit or, when a new ^osit or a transfer bas been made, die n»st recent relevant 
date (date of die new deposit or date of the transfer). 

3 

In the cases rc&ired to io Rule 10^3)0i} and (iiO. refer to die most recent viability test 

3 

Mark with a cross die apf^cable box. 


Fmib B?B (first page) 


Danisco IntellectQal Assets 
Danisco A/S 
Langeisrogade 1 
DK-1001 Copenhagen 
Denmazk 
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rv. COr®nK)NS UNDER WmOi THE VlABILnYTK 


V. 


INTERNATIONAL DEPOSITARY AUIHORmf 


Name NCIMBLta., 

Address: 23 St Machar Drive 
AbetdeeD • 
AB243RY 
Scotland 


SignatureCs) of perso[n(s) having fb^ power 
to represent tbc Intfjnat tonal Depositary 
Au&orily or of autkon^ oSdaI(s): 

Date: 2SJaDe2004 


Fill ia xf the infonnation has been requested and if the resolts of the test were negative. 


Fonoa 6P/9 (second and last page) 
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CLAIMS 

1. A process of enzymatic degamming edible oils, comprising treating the edible oil 
with a lipid acyitransferase so as to transfer an acyl gronp from a major part of the 
phospholipid to one or more ac>i acceptors. 

5 

3. A process according to claim I wherein the acyl acceptor is any comiwimd 
comprising a hydroxy group. 

4. A process according to claim 1 wherein the acyl acceptor is water, 

10 

5. A process according to claim 1 or 2 wherein the acyl acceptor is one or more 
sterols and/or stanols. 

6. A process according to claim 4 wherein a sterol ester and/or a stanol ester is 
15 fonned. 

7. A process according to claim 4 wherein the acyl acceptor is a steroL 

8. A process acconiing to any one of the preceding claims wherein the phospholipid 
20 is a lecitfiin. 

9. A process according to any one of claims 4 to 6 wherein the lipid acyl transferase, 
as well as being able to transfer an acyl group from a lipid to a sterol and/or a 
stanol, additionally transfers the acyl group from a lipid to one or more of a 

25 carbohydrate, a protein, a protein subunit, and ^yceroL 

10. A process according to any one of the preceding claims wherein the lipid 
acyitransferase is a natural lipid acyitransferase. 

30 11. A process according to any one of the preceding claims wherein the lipid 
acyitransferase is a variant lipid acyitransferase. 
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12, A process according to any one of the preceding claims wherein said lipid 
acyltransferase is obtainable from an organian from one or more of the following 

5 genera: Aeromonas, Streptomyces, Saccharomyces, Lactococcus, Mycobacterium, 
Streptococcus, Lactobacillus, Desulfitobacterium, Bacillus, Campylobacter, 
Vibrionaceae, Xylella, Sulfolobus, Aspergillus, Schizosaccharomyces, Listeria, 
Neisseria, Mesorhizobium, Ralstoma, Xanthomonasy Candida, Thermobifida and 
Corynebacterivm. 

10 

13. A process according to any one of the preceding claims wherein said lipid 
acyltransferase is obtainable from one or more of Aeromonas hydrophila, Aerontonas 
salmonicida, Streptomyces coelicolor, Streptomyces rimosus, Streptonryces 
thermosacchari, Streptomyces avermitilis, Mycobacterium, Streptococcus pyogenes, 

15 Lactococcus lactis. Streptococcus pyogenes. Streptococcus tkermopkilus, 
Lactobacillus heheticus, Desulfitobacteritm dehalogenans. Bacillus sp, 
Campylobacter jejuni, Vibrionaceae, Xylella fastidiasa, Stdfolobus solfataricus, 
Sacckaromyces cerevisiae, Aspergillus terreus, Schizosaccharomyces pombe. Listeria 
innocua. Listeria monocytogenes. Neisseria meningitidis, Mesorhizobium loti, 

20 Ralstonia solanacearwn, Xanthomonas campestris, Xanthomonas axonopodis, 
Candida parapsilosis, Thermobifida fusca and Corynebacterium efficiens, 

14. A process according to any one of the preceding claims wherein the lipid acyl 
transferase is characterised in that: 

25 (a) the lipid acyltransferase possesses acyltransferase activity is defined as ester 
transf^ activity whereby the acyl part of an original ester bond of a lipid acyl 
donor is transferred to an acyl acceptor to form a new ester, and 
(b) the enzyme comprises the amino acid sequence motif GDSX, wh©rem X is one 
or more of the following amino acid residues L, A, V, I, F, H, Q, T, N, M or S. 

30 

15, A process according to claim 14 wherein the X of the GDSX motif is L 
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16, A process according to any one of the preceding claims wherein the lipid 
acyitransferase comprises one or more of the following amino acid sequences: SEQ 
ID No. 1, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6. SEQ ID 
No. 7, SEQ ED No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 1 1, SEQ ID No. 
5 12, SEQ ID No. 13, SEQ ID No. 14, or SEQ ID No. 15, SEQ ID No. 16, SEQ ID 
No. 17, SEQ ID No. 18, SEQ ID No. 36, SEQ ID No. 38, SEQ ID No. 40, SEQ ID 
No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No. 50 or an amino acid sequence 
which has 75% or more identity thereto. 

10 17. A process according to claim 16 wherein the lipid acyitransferase comprises 
one or more of the following amino acid sequCTces: SEQ ID No. 3, SEQ ID No. 4, 
SEQ ID No. 1 or SEQ ID No. 15 or SEQ ID No, 15, or an amino acid sequence 
which has 75% or more identity thereto. 

15 18. A process according to claim 16 who-ein the lipid acyitransferase comprises 
one or more of the following amino acid sequences: SEQ ID No. 36, SEQ ID No. 
38, SEQ ID No. 40, SEQ ID No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No. 
50, or an amino acid sequence with at least 70% identity thereto. 

20 19. A process according to claim 16 wherein the lipid acyitransferase comprises 
one or more of SEQ ED No. 17 or SEQ ID No. 18, or an amino acid sequence with 
70% or more homology thereto. 

20. A process according to claim 16 wherein the lipid acyitransferase comprises 
25 tfie amino acid sequence shown as SEQ ED No. 16, or an amino add sequence 

which has 75% or more homology thereto. 

21. A process according to claim 16 wherein the lipid acyitransferase comjjrises 
the amino acid sequence shown as SEQ ID No. 1 6. 

30 

22. A process according to claim 10 wherein the lipid acjitransferase is 
charact^sed in fliat the ^izyme comprises the amino acid sequence motif 
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GDSX, wherein X is one or more of the following amino add residues L, A, V, 
I, F, Y, H, Q, T, N, M or S, and wherein the variant enzyme comprises one or 
more amino acid modifications compared with a parent sequence at any one or 
more of the amino acid residues defined in set 2 or set 4 or set 6 or set 7. 

5 

23. A process according to claim 22 wherein the lipid acyltransferase comprises an 
amino add sequence shown as SEQ ID No. 34, SEQ ID No. 3, SEQ ID No. 4, 
SEQ ID No. 5, SEQ ID No, 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 19, 
SEQ ID No. 10, SEQ ID No. 1 1, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No. 

10 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25, SEQ ID No. 26, SEQ ID 

No. 27, SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, SEQ ID No. 3 1 , SEQ 
ID No. 32, or SEQ ID No. 33 except for one or more amino acid modifications 
at any one or more of the amino acid residues defined in set 2 or set 4 or set 6 
or set 7 identified by sequence alignment with SEQ ID No. 34, 

15 

24. A process according to claim 23 wherein the lipid acyltransferase comprises 
the sequQice shown as SEQ ID No. 34 or SEQ ID No. 35 except for one or 
more amino add modifications at any one or more of the amino acid residues 
defined in set 2 or set 4 or set 6 or set 7. 

20 

25. A process according to any one of claims 10, 23 or 24 wherein the lipid 
acyltransfa-ase comprise the amino acid sequence shown as SEQ ID No. 1 6 or 
an amino acid sequence with 75% or more homology thereto. 

25 26. A process according to any one of claims 10, 23 or 24 wherein the lipid 
acyltransferase comprises the amino add sequence shown as SEQ ID No. 1 6. 

27. A process according to any one of the preceding claims wherdn there is less 
than 1 % water in the edible oil during treatment 

30 

28. A process according to claim 27 wherdn there is less than 0.5% water. 
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29. A process according to claim 28 wherein there is less than 0.1 % water. 

30. A process according to any one of the preceding claims wherein the process 
comprises removing tiie lysophospholipids produced by the action of the lipid 

5 acyltransferase by filtration. 

31. Use of a lipid acyltransferase in the degmnming of edible oils to remove 
phospholipids and, optionally, to increase the fonnation of starol esters and/or 
stanol esters in the oil. 

10 

32. Use according to claim 31 where there is no significant increase in the fi^ee 
fatty acids in the oil following treatment. 

33. Use according to claim 31 or daim 32 wherein the phospholipid is a lecithin. 

15 

34. Use according to any one of claims 31-33 wherein the lipid acyltransferase is a 
natural lipid acyltransferase, 

35. Use according to any one of claims 31-33 wherein the lipid acyltransferase is a 
20 variant lipid acyltransferase. 

36. Use according to any one of daims 31-35 wherein said lipid acyltransferase is 
obtainable from organisms from one or more of the following genera: 
Aeromonas, Streptomyces, Saccharomyces, Lactococcus, Mycobacterium, 

25 Streptococcus, Ladobacillus, Desulfitobacterrum, Bacillus, Campylobader, 

Vibrionaceae, Xylella, Sulfolobus, Aspergillus, Sdiizosaccharomyces, Listeria, 
Ndsseria, Mesorhizobium, Ralstonia, Xanthomonas, Candida, Hiermobifida 
and Coiynebacterium. 

30 37. Use according to any one of claims 31-36 wh^ein the lipid acyltransferase is 
obtainable from one or more of Aeromonas hydrophila, Aeromonas 
salmonicida, Streptomyces coelicolor, Streptomyces rimosus, Streptomyces 
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thermosacchari, Streptomyces avermitilis, Mycobacterium, Streptococcus 
pyogenes, Lactococcus lactis. Streptococcus pyogenes. Streptococcus 
themiophihis, Lactobacillus kelveticus, Desulfitobacteriwn dehalogenans. 
Bacillus sp, Campylobacter jejuni, Vibrionaceae, Xylella fastidiosa, Sulfolobus 
5 solfataricus, Saccharomyces cerevisiae, Aspergillus terreus, 

Schizosaccharomyces pombe. Listeria innocua. Listeria monocytogenes. 
Neisseria meningitidis, Mesorhizobium loti, Raktonia solanacearum, 
Xantlwmonas campestris, Xanthomonas axonopodis Candida parapsilosis, 
Thermobifida fusca and Corynebacteriwn efficiens, 

10 

38. Use according to any one of daims 31-37 wherein the lipid acyltransferase is 
characterised fai that: 

(iii) the lipid acyltransferase possesses acyltransferase activity which may 
be defined as ^ter transfer activity whereby the acyl part of an original 

15 ester bond of a lipid acyl donor is transferred to an ac>4 acceptor to 

form a new est^ and 

(iv) the enzyme comprises the amino acid sequence motif GDSX, wherein 
X is one or more of the following amino acid residues L, A, V, I, F, Y , 
H, Q,T,N,MorS. 

20 

39. Use according to claim 38 wherein the X of the GDSX motif is L 

40. Use according to any one of claims 31-39 wherein the lipid acyltransferase 
comprises one or more of the following amino add sequences: SEQ ID No. 1, 

25 SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7, 

SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 1 1, SEQ ID No. 
12, SEQ ID No. 13, SEQ ID No. 14, or SEQ ID No. 15, SEQ ID No. 16, SEQ 
ED No. 17, SEQ ID No. 18, SEQ ID No. 36, SEQ ID No. 38, SEQ ID No. 40, 
SEQ ID No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No. 50 or an amino 

30 add sequence which has 75% or more identity thereto. 
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41. Use according to claim 40 wherein the lipid acyltransferase comprises one or 
more of flie following amino add sequences: SEQ ID No. 3, SEQ ID No, 4, 
SEQ ID No. 1 or SEQ ID No, 15 or SEQ ID No. 15, or an amino add sequence 
which has 75% or more identity thereto. 

5 

42. Use according to claim. 40 wherein the lipid acyltransferase comprises one or 
more of the following amino acid sequences: SEQ ID No. 36, SEQ ID No. 38, 
SEQ ID No. 40, SEQ ID No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No. 
50, or an amino acid sequence with at least 70% identity thereto. 

10 

43. Use according to claim 40 wherein the lipid acyltransferase comprises one or 
more of SEQ ID No. 17 or SEQ ID No. 18, or an amino acid sequence with 
70% or more homology thereto. 

15 44. Use according to claim 40 wherein the lipid acyltransferase comprises the 
amino acid sequence shown as SEQ ID No. 16, or an amino add sequence 
winch has 75% or more homology thereto. 


45. Use according to claim 40 wherein the lipid acyltransferase comprises the 
20 amino add sequence shown as SEQ ID No. 16. 

46. Use according to claim 35 wherein the lipid acyltransferase is characterised in 
that the enzyme comprises the amino acid sequence motif GDSX, who^ein X is 
one or more of the following amino acid residues L, A, V, 1, F, Y, H, Q, T, N, 

25 M or S, and wherein the variant enzyme comprises one or more amino acid 

modifications compared with a parent sequence at any one or more of the 
amino add residues defined in set 2 or set 4 or set 6 or set 7. 

47. Use according to claim 46 wherdn the lipid acyltransferase comprises an 
30 amino add sequence shown as SEQ ID No. 34, SEQ ID No. 35, SEQ ID No. 3, 

SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, 
SEQ ID No. 19, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, SEQ ID No. 
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13, SEQ ID No. 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25, SEQ ID 
No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, SEQ 
ID No. 31, SEQ ID No. 32, or SEQ ID No. 33 except for one or more amino 
acid modifications at any one or more of the amino acid residues defined in set 
5 2 or set 4 or set 6 or set 7 identified by sequence alignment with SEQ ID No. 

34. 

48. Use according to claim 47 wherein the Hpid acyltransferase comprises the 
sequence shown as SEQ ID No. 34 or SEQ ID No. 35 except for one or more 

1 0 amino acid modifications at any one or more of the amino add residues defined 

in set 2 or set 4 or set 6 or set 7. 

49. Use according to claim 35 wherein the lipid acyltransferase comprises the 
amino acid sequence shown as SEQ ID No. 16 or an amino acid sequence with 

1 5 75% or more homology thereto. 

50. Use according to claim 49 wherein the lipid acyltransferase comprises the 
amino acid sequence shown as SEQ ID No. 16. 

20 51. Use according to any one of claims 31 to 50 wherein there is less than 1% 
water in the edible oil during treatment, 

52. Use according to claim 51 wherein there is less than 0.5% water . 

25 53. Use according to claim 52 wherein there is less than 0.1% water. 

54. A lipid acyltransferase comprising the amino acid sequence shown as SEQ ID 
No. 16. 


30 


55. A lipid acyltransferase as hereinbefore described with reference 
accompanying description and figures. 


wo 2006/00850S 


PCT/GB2005/002825 


124 


56; A method as hereinbefore described with reference to the accompanying 
desaiption and the figures. 


57. A Tise as hereinbefore described with reference to the accompanying 
description and figures. 
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FIGURE 10 
SEQIDNo. 16 


1 ADTRPAFSRI VMFGDSLSDT GKMYSKMRGY 

61 lANEAEGGAT AVAYNKISWD PKYQVINNLD 

121 GWNTEQDAKR VEOJAISDAAN RMVLNGAKQI 

181 NKLIiNLARQ I^APTGI^SVKLF EIDKQKAEML 

241 STDRQLSAFS PQERIAIAGN PLLAQAVASP 

301 SERAATFIET QYEFLAHG 


LPSSPPYYEG RFSN6PVWLE QLTKQFPGLT 
YEVTQFLQKD SFKPDDLVIL WGANDYLAY 
LIiFNLPDLGQ NPSARSQKW EAVSHVSAYH 
RDPQNFGLSD VENPCYDGGY VWKPFATRSV 
M?kRRSASPLN CEGKMFWDQV HPTTWHAAL 


FIGURE 11 


(SEQIDNo. 1) 

1 msmVCLLG LVALTVQA&D 

52 SSPPYYEGRF SNCPVHLEQL 

101 XQVnmJDYZ VTQFU35CDSF 

151 DJaSDAANRK VUiGAKQIlL 

201 LLLHIARQLA PTGMVKLFEI 

251 KPFTITRSVST DRQLSAFSPQ 

301 GKMFKTDQVHP TTWEAAIiSE 


SRPAFSRIVM FGDSLSDTGK MYSKMRGYLP 
TKQFPGLTia SEAEGGMTAV AYHKISKNPK 
KPDDLVILWy GRNDYIAYGH BTBC2IHVKRVR 
FXVIrPDLGOHP SfiRSQKWEA VSHVSAYHNQ 
DKQFaEMLBD PQ»FGLS0VE HPCYDGGYVB 

EEOAiAtaiPL Laoavaspta rrsasplkge 


FIGURE 12 


(SEQIDNo. 2) 

1 xvafOTfelTd gesyygdsdg ggwgagladr 
61 ivDalvallF laqslglpnl. pPYLsgdflx 
121 vlelrqalgl Iqellrllpv Idafcspdlvt 
IBl kdnlrqlifcr Lrsnngarii vlitlvilnl 
241 eavadfneal relalskled qlrkdglpdv 
301 ettkaCCGyG gryKynrvCG naglcnvtak 
361 1 


Ltallrlrar prgvdvfnrg xsGrtsdGrl 
GANFAsagAt Ilptsgpfli O^gFfcdfksg 
tntLGtHblit saffgpkste sdrnvsvpef 
gplGClPltl alalasstnv dasgcaerln 
kgadvpyvDl ysifgdldgi qnpsayvyGF 
aCnpssylls flfwDgffips ekGykavAea 


FIGURE 13 


(SEQIDNo. 3) 

1 iak3cwfvcllg Ivaltvtjaad srpafsza-vm fgdslsdtgk myskzorgylp ssppyyegrf 
61 sngpvwleql tnefpgltia neaeggptav aynklsunpk yqvinnldye vtqflqkdsf 
121 fcpddlvilHv gandylaygw nteqdakrvr daisdaanrm vlngakeiU fnTpdlgqgy 
lei sarsqkwea asbvsaytaztq JLllnlaxqla ptgmvltlfei dkqfaeaard pqnfglsdgr 
241 nacyggsyvw kpf asrsast dsqlsafnpq exlaiagnpl laqavaspma arsastLzice 
301 gkmfwdoyhp ttwhaalse paatfiesqy e£lah 
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SEQIDNo.4 

1 ifttkwfvcllg lialtvqaad trpafsrivm fgdslsdtgk myskmrgylp ssppyy^grt 
61 sngpvwleqi tkqfpgltla neaeggatav aynkiswnpk yqvynnlciye vtgfXqkdsf 
121 kpddlvilwv gandylaygw nteqdafcrrr daisdaanm vlngakqill fnlpdlgqnp 
181 sarsqkwea vsbvsa^mk XlluGlarqla ptgmvklfei. dhqfaenilrd pqnfglsdve 
241 npcydggyw kpfatrsvst drqlsaf spq eriaiagzipl laqavasproa rrsasplsce 
301 gkmfwdqvhp ttwhaalse raatfietqy eflahg 


FIGFURE 15 


SEQIDNo.5 

1 iDpkpalrrwn tatvaavgtl algltdatah aapaqatptl dyvalgdsys agsgvlpvdp 
61 anilcirsta nyphviadtt garltdvtcg aaqtadftra qypgvapqld algtgtdlvt 
121 Itiggndnst final tacgt agvlsggtgs pctdrhgtsf ddeieantyp alkeallgvx 
181 arapharvaa Igypwitpat adpscfUtlp laagdvpylr aiqalilJidav xraaeetgat 
241 yvdfsgvsdg bdaceapgtr wiepllfghs Ivpvhpnalg errznaehtind vlgld 


FIGURE 16 


SEQroNo.6 

1 mpkpalrnm tatvaavgtl algltdatah aapaqatptl dyvalgdsys agsgvlpvdp 
61 anlldrsta nyphviadtt garltdvtcg aaqtadftra qypgvapqld algtgtdlvt 
121 Itiggndnst finaitacgt agvlsggkgs pckdrhgtsf ddeieantyp alkeallgvr 
181 arapharvaa Igypwitpat adpscflklp laagdvpylr aiqahindav rraaeetgat 
241 yvdfsgvsdg hdaceapgtr wiepllfghs Ivpvhpjialg errmaehtmd vlgld 


FIGURE17 


SEQn)No.7 


1 mdyekfllfg dsitefafnt rpiedgkdqy algaalvney trkzDdilqrg fkgytsrwal 
61 kilpeilkhe snivmatifl gandacsagp qsvplpefid nlrqnivsljnk syhirpiiig 
121 pglvdreJcwe kekseeialg yfrtnenfai ysdalaklan eekvpfvaln kafgqeggda 
181 wqqlltdglh fsgkgykifh dellkvietf ypqyhpkmaq yklkdwrdvl ddgsnims 
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(SEQIDNo.8) 

10 20 30 40 50 60 

1 I I 1 I I 

lOlI.R@aMGZA rafilALGIAA CGGGGTDQSG NPHYZiKVQRM WltSDSI^I GTYTPYftO^V 

70 80 90 100 110 120 

I I i 1.1 1 

GGCKFTTHPG PIVmETVfiAQ LGVTLTPaVM GYaTSVQJJCP KAGCFDYaQG GSRVTDPBGI 


130 140 150 160 170 180 

I 1 i I t I 

GHUGGAiGaaT YBVQQQIJiNF YAASHRTEBTG NKDWFVIAG SKDIFFWTTA SaiSGSGVXP 


190 200 210 220 230 240 

I I 1 .1 1 I 

AiaTftQVOQA ATDLVGYVKD MIAKGATQVT VFWLPDSSLT PDGVASGTTG QALiHALVGX 


250 260 270 

t I I 

FNTTLOSGIA GTSARIIDFN AQiTAAIQKG 


280 290 300 

t 1 1 

2^F6FA£)TSA ItACDATKINA LVPSAG6SSL 


310 320 330 340 

I I t I 

FCSAHTLVT^ GADQSYLEAD GVHPTTAGHR ilASNVIAKL lADJJVAH 


i. 

i 
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nGURE19(SEQIDNo.9) 


1 migsyvavgtS sfteg^pg pdgafvgwad risvlladrr pegdfiytnl avrgrtldqt 
61 vaecTvprws lapdlvslaa ggndmpgt dpdevaeife lavaattaaa gtvlvttgfd 
121 trg\^ivnchl rgklatyn^ vraadrygc pvtdlwsirs vqdnawdad rthlspeght 
181 rvalragqal glrvpodpt^ pwpplpprgt kfvnddvhfw areyfvpwtg rrtrges^ 
241 hvtakgttep dadctriaav a 


FIGURE 20 


(SEQIDNo. 10) 

1 mgtrq)ayl5l va\^clsfteg mscffipdgsy rgwadllalr maarspgfry antevr^ 
61 gt^v^qvifv aaan^advS k^ggtmiUr pkcdmarvnt Itlqaveita phceq^lmr 
121 spgrqgpvie rfrpmieaf avicidlagrh gawvdf^a qstadpmnyd vdrlhttaeg 
181 tmvaeavwq sfghepedpe whaplpatpp pgvwtrrtatf vf^rqhllp wigrrUgts 
241 sgdglpakfp cQtpyedpar 


nGURE21 


(SEQEDNo.ll) 


1 mtigrdggag ^tkhiaS aaivOhrai saaiyagasa ddgsrdhalq aggrtprgda 
61 apastgawvg awaftapaaae pgtettglag fsvrmA^ vggtgarif I sniygqsptt 
121 vthasialaa gpdfcaaamd tmrrnfggs &\mpsgaq vmsdtarlai pyganvtvtt 
181 ysixpsgpvt ^tpqarqtsy tadgdrtadv tavayt^l^ ywryltatdv Isheadgtw 
241 af^dstciga rsQsdaTihnAr tdvlaarlhe aagdgrdtpr yswmegisg nrtttsrpgr 
301 padnpBglsrfqrdvtertn vkavwx^ ndxdnspeta drdailtg^ Qvdraharg 
381 liwgatltp fggyggytea retmrqevne eirsgnddl wdfdkaird pydprrmrsd 
421 ydsgdh&i;^ dkgyarmgav oi^aBcgaa pvka 


nOURE 22 (SEQ ID No. 12) 

1 mtsmsrarva rrmagaayg gggigtagaa avghrvaevq tannvgvgl ptrvpnac^l 
61 yggt^agd ppbfanmtgd sta^qg\^ agqtpgaSa &glaavaerp vrlgsvaqpg 
121 ac^dldrqv aVi^pdrv pdkryirm^a ndvthm^ rsvrhtssav idrtagaev 
1 81 wgtapdlg! fervrqpbw lanasiqia aajligaveq ggrtvs^ Igpeiaqjipr 
241 ^gpdnyhp saegyataam avlpsvcaal glwpadeehp dalrregflp varaaaeaas 
301 eagtevaaam ptgprgpwaf Hcrmrrvs eaepsspsgv 


FIGURE 23 (SEQ ID No. 13) 


1 n^rgtdqrtr ygman^ ^tfaavlgv gvagcdsv^ dspapsgsps Icrtrt^awd 
61 t^svaavg dsttrgfdac avisdcpevs watgssakvd slavrllgka daaehswrrya 
121 vigannadtt aqvfosaqre pehravmaga Rdacisttsa mtpvadfiraq feearrratlrk 
181 MpScaqvyvs sipdBotws qgrtnp^kq vwklglcpsm tgdadsldsa atimitvrd 
241 rvadynevfr evcakdncr sddtgavhefr ^tdqlshwd wfhpsvdgqa rtaeiayrav 
301laknp 
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HGURE 24 (SEQ ID No. 14) 


1 mrlsjraata s^ltpala Bgasaavsa prfc^tdyva l^dsyssgvg agsydsssgs 
61 ckrs&sypa hvsashtgtr fnftacsgar tgdviakqH ^sgtdlvs Higgnda^ 
121 adimttcniq gesadarta karaykfoB paqldqvyda idsr^aqv wlgyprtyk 
1B1 l^scavgls eksra^aa addinavtak. raatff^fafg dvnttfa^e ksgapw&is 
241 vtlpvensyh f^iangqskgy Ipvtnsat 


FIGUEE 25 (SEQ ID No. 15) 


1 MEaCHFVCLIfG LX^TVQilAD TRPAFSKIVM FGDSI^DTGK MYSKMRGYLP 

51 SSPPrYEGRF SWGFVHLEQL TKQFPGLTIA NE2VSGGAXAV AYNKXSISJPK 

101 yQVI»im>yE VTQIXQKDSP KPDDLVILWV GRHDYLRYGW BTBQOaKRVR 

151 DftlSDaaUEM VLBGAKQILL raLPDLGQHP SARSOKWEa VSHVSATHHK 

201 liUGARQIA PTOaVKLFEI nKQFftEMLKD PQ5IFGLSDVE »I»cyDGGyVH 

251 KPEATRSVST DRQqLSAFSPQ ERIAIAQSTPL lAQAVaSPMa BRS&SPLNCE 

301 GKMFWDCJVHP TTWHaALSE RA21TFIETQT EEXAHG* 
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ore 2B (Sizf^ior^a. 17) 


Met Arg 
1 

Phe Val 

Pro Gin 

Asa Val 
50 

Asn Ala 
65 

Asn Ala 

Lys I*eu 

Ala Pro 

2hr Gin 
130 
Tyr Val 
145 

Gly lieu 
Lys Ser 
Ttp Gly 


Tyr Phe Ala 
5 

Leu Ala Pro 

^o 

Gly Tyr Glu 
35 

Pro Asn Pro 


lie Ala Phe 
Lys Lys Pro 


Ala Gin Pro 
40 

Leu Thr Asn 
55 

Tip Gin Leu Leu Val Arg 
70 

21ir lie lie 


He Val Thr 
85 

Val Ser Tyr 

100 
Ser Tyr Ala 
115 

Gly Glu Met 


Gin Ttx Phe 


He Gla Tyr 
120 

Tyr Tyr lie 
135 

Val Thr Pro Asp Tyr Slu 
ISO 

Arg Ala Thr 


Lett Leu 
10 

Ser Gin 

25 
Leu Gly 

Val Phe 

Ser Glu 

Gin Pro 

Glu Asp 
105 

Gly Ser 
Ser Ala 
Gly Pro 


He Asn Thr 

Asp Asp Phe 

Ser He Leu 
45 

Thr Pro Val 
60 

Asp Thr Phe 
75 

Phe Asn Ala 


He Ser Ala 
15 

Tyr Thr Pro 
30 

Lys Thr Arg 
l-yB Val Gin 


Gly Asn Pro 
80 

Lys Lys Asp 
55 

Ser Sly Lys Leu Asp Cys 
HO 

Thr Leu Thr 


Gin Ser Gly 

les 

Gly Asn Leu 

180 
Tyr Ser Gly 
195 

Glu Tyr Ala 


Leu Asn 
170 

Thr Gly Val Ber Ser 
185 

Ala Ser 


Asp He Ser 
125 

Leu Lea Asp Gin Gly Tyr 

140 
Lys Ser Thr 
155 

Ser Leu Arg 


Gin Lya 
210 

Leu Gly Gly Phe Val 
225 

Ser Gly 


Gly Ser Leu 
200 

Pro Glu Leu 

215 
Thr Asn He 
230 

Gly He He 


Phe Thr Val 
160 

Ala Thr Leu 
175 

Asp Ala Glu Thr I«eu Leu 
190 

Ala Ala He 


Ser Lys 
Thr Ala 


Asn Glu 

Leu Leu 

Gly Gly 
290 
Tyr Phe 
305 

He Leu 
Gin He 


Pro Phe Ala 
245 

Tyr Pro Asp Phe Lys Asn 

260 
Ser He Thr 
275 

He Ala Tyr 


Gly Trp Ala 
205 

Asn Leu Leu 

220 
Thr Ala Glu 
235 

Ala Leu Ala 


Tyr Arg leu 
2B0 

Phe Gly Lys 
295 

Pro Asp Gly Trp Asp Leu 
310 

Gly Leu Val 


Ser Asn 
250 

Tyr lieu lieu Lys Lys 
265 

Gly Asn 


Gly Ala Ala 

Ala Val Asp 
240 

Gly He Gly 

255 
Val Ser Pro 
270 

Leu Leu Asp 


Gin Asp Asn 
325 

Pro Leu Phe 
340 


He Tyr Bis 


Ser Phe 

Val Asn 

Tyr Gin 
330 
Gly Thr 
345 


Thr Eis Cys 
2B5 

Phe Ber Arg He He Arg 

300 
Gin Glu Pro 
315 

Pro Lys Asp 


Leu Asp Ala 


He Lys Thr 
, 320 
Leu Thr Pro 

335 
He Val Pro 
350 


He Val Asn Ser 

Arg Lye 

Thr Phe 


355 


360 

Lys 

Ser Gly Glu 

Tyx Asn 

Glu Asp 

370 


375 

Ser 

He Val Gly 

Ala Pro 

Ala Ala 

385 


390 

Asp Gly 

Asn 

Gly Gin Pro 

Pro Val 


405 


Asn 

Lett Glu Tyr 

Pro Gly 

ttJT Pro 


420 



Ala 

Ala Leu Bis 

Ala lie 

Leu Gly 

435 


• 440 

Arg 

Asp Lys Val 

Thr Leu 

Gly Gly 

450 


455 


Phe 
465 


Glo 

Gin Trp 

Cys Asp Trp 

Gly Leu 


365 


Leu 

Thr Asn 

Gly His Ho 

Thr Glu 



380 


Leu 

Thr Trp 

He He Asn 

Arg Pbe 


395 


400 

Cys 

Gin His 

Asn Val Arg 

Ala Ser 

410 


415 

Gin 

Ser He 

Lys Asn Tyr 

Pbe Glu 

425 


430 


Phe 

Asp Leu 

Gly Pro Asp 

Val Lys 


445 


Leu 

Leu Lys 

Leu Glu Arg 

Phe Ala 



460 
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Met Arg Tyz Fbe lie Ala Fhe Len Lea He Asn llu: lie 5er £la 

15 10 15 

Pile Val Leu Ala Pro Lys Lye Pro Ser Gin Asp Asp Phe Tyr SSxr Pro 

20 25 30 

Pro Gla Gly Tyr Glu &la Gin Pro Lea Gly Ser lie Lea Lys ?hr Arg 

35 40 45 

Asn Val Pro Asn Pro Lea Tbr Asa Val Pbe Tiir Pro Val Ly3 Val Gin 

50 55 50 

ASQ Ala Trp GIb Lea Len Val Arg Ser Gla Asp ?br Phe Gly Asb Pro 
65 , 70 75 , BD 

Asa Ala lie Val Thr Ehr lie He Gin Pro Asn Ala Lys Lys Asp 

eS 90 95 

Lvs Leu Val Ser Tyr Gin Thr Phe Gla Asp Ser Sly Lys Leu Asp Cys 

100 105 110 

Ala Pro Ser Tyr Ala lie Gin Tyr Gly Ser Asp He Ser Thr Lea Thr 

113 120 125 

Thr Gin Gly Gla Met Tyr Tyr He Ser Ala Lea Lea Asp Gin Gly Tyr 

130 135 140 

Tyr Val Val Thr Pro &sp Tyr Gla Gly Pro Lys Ser Thr Phe Thr Val 
145 150 155 160 

Gly Leu Gin Ser Gly Arg Ala Thr Lea Asn Ser Leu Arg Ala Thr liCU 

IfiS 170 175 

Lys Ser Gly Asa Lea Thr Gly Val Ser Sex Asp Ala Gla Thr Lea Leu 

ISO 185 190 

Trp Gly Tyr Ser Gly Gly Ser Leu Ala Bex Gly Trp Ala Ala Ala He 

195 20O 205 

Gin Lys Glu Tyr Ala Pro Gla Leu Ser Lys Asn Leu X^eu Gly Ala Ala 

210 215 220 

Lea Gly Gly Phe Val Thr Asn He Thr Ala Thr Ala Gla Ala Val Asp 
225 * 230 235 240 

Ser Gly Pro Phe Ala Gly He He Ser Asn Ala Leu Ala Gly He Gly 

245 250 255 

Asn Glu Tyr Pro Asp Phe Lys Asn Tyr Leu Leu Lys Lye Val Ser Pro 

260 265 270 

Leu Leu Ser He Thr Tyr Arg Leu Gly Asn Thr Eis Cys Leu Leu Asp 

275 280 285 

Gly Gly He Ala Tyr Phe Gly Lys Ser Phe Kie Ser Arg He He Arg 

290 295 300 

Tyr ?he Pro Asp Gly Trp Asp Leu Val Asn Gin Glu Pro He Lys Thr 
3D5 310 315 320 

He Leu Gin Asp Asn Gly lieu Val Tyr Gin Pro Lys Asp Lea Thr Pro 
325 330 335 


Gin 

He 

Pro 

Leu 

Phe 

He 

Tyr 

His 

Gly 

Thr 

Leu 

Asp 

Ala 

He 

Val 

Pro 




340 





345 




350 



He 

Val 

Asn 

Ser 

Arg 

Lys 

Zhr 

Phe 

Gin 

Gin 

Trp 

Cys 

Asp 

Trp 

Gly 

Leu 



355 





360 





365 


Lys 

Ser 

Gly 

Glu 

Tyr 

Asn 

Gla 

Asp 

Lea 

Thr 

Asn 

Gly 

His 

He 

Thr 

Glu 

370 





375 





380 





Ser 

He 

Val 

Gly 

Ala 

Pro 

Ala 

Ala 

Leu 

Thr 

Tip 

He 

He 

Asn 

Arg 

Phe 

385 





390 





395 




400 

Asn 

Gly 

Gin 

Pro 

Pro 

Val 

Asp 

Gly 

Cys 

Gin 

His 

Asn 

Val 

Arg 

Ala 

Ser 





405 




410 




415 


Asn 

Lea 

Gla 

Tyr 
420 

Pro 

Gly 

Thr 

Pro 

Gin 
425 

Ser 

He 

Lys 

Asn 

Tyr 
430 

Phe 

Glu 

Ala 

Ala 

Lea 

His 

Ala 

He 

Leu 

Gly 

Phe 

Asp 

Leu 

Gly 

Pro 

Asp 

Val 

Lys 



435 





440 





445 


Arg 

Asp 

Lys 

Val 

Thr 

Leu 

Gly 

Gly 

Lea 

Leu 

Lys 

Leu 

Glu 

Arg 

Phe 

Ala 

450 





455 





460 




Phe 

fils 

fils 

His 

His 

His 

His 











465 470 
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FIGURE 31 

(SEQJDNo. 19) 


1 m^syvavgd sfi^vgdpg pt^ah^wad rtandtadrr pegtfRytrd avrgrOdqi 
61 vaeqvpTwg lafxflvslaa ggncSSipgA d^sdevaerfe lavaaftaaa gtvtvttgfd 
121 UgJp^M ygldatyngh vra'iadiygc pvtdbvstrs vqc&nrawdad fthlspeght 
181 rvab^q^ glivpac^dq pwpplppr^ tdvrrddvhw afeyfvpvwg nirgessgd 
241 hvt^^iisp daiktriaatv a 
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Figure 32 
(SEQIDNo.25) 

1 m-K^'&KNli'-LV GI>SAM^IS LFSSiaSA aS A0SRPAFSHI VHPGDSLSDT 

51 GKMXSKMRGY LPSSPFTYEG RFSNGPV«1*E QLTKQFPGLT lAHEAEGGAT 

101 AVMNKISHH PKYCVZHNLD YEVrQiXOKD SFKPDDLVIL WGaNDTLAY 

151 GWNTEQD&KR VRDSaSBAaN RMWLNGAKQI LLFm.PIXDGQ NPSARS(»;W 

201 EAVSHVSAYH RQXiLIifai&RQ lAFTGKVZLF EXDKQE&EHL RDPG^FGLSD 

251 VE39PCyDGGy VWKPFATRSV STDKQSLSAFS PCERIAI7W3? EXOAQRVT^P 

301 I9ARRSA5PLN CEGKMFBDQfV HPTTWHTkAL SERAATFIAS CJfYEFIAH** 

nGURE33 

(SEQIDN0.26) 

MRLTRSLSAASVXVTiOJlJUXGISPAQAACTA^ 

NAYPARWAAANAPSSFTFAACSGAVTTDVIN>^ 

CVTSSDSTCLNRlATAWmrn,LAiaJ>AVYSQ 

LGLSNTKRAAINTTADllJ^SVI^RATAHGFia^D 

SYHPTSTGHQSGYLPVLNANSST 
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Figure 34 

SEQIDNo.27 
ZP 00058717 

1 mlpfapagcrg evgaflMv gtpqdnid edi^iplrg rcgcgeirvp plt^gdgvi 
61 rttsstrdaetvwrfdilqprpdggfi]±lg vgcDagqgspgvh^ 
121 pglsrtmgd ssppjfragws Ippikcgeisq sarldpavprysllrtdrpd sngrfvg$g 
181 praatnxif Igipalvlvt aM^^ gre^wnnwc eatqdwclgv pvdsrgqpae 
24 1 ^eflllspv qaatwgoyya Igdsyssgdg ardyypgtav kggcwrsana ypehraeayd 
301 fagblsflac sgqrgyamid aidevg^qld vm^htslvt igiggndlgf stviktcxiivr 
361 vpBd^cact dqedairknn akfettieel isevrtr^>d anlvvgypr iSpeept^ 
421 ythasaqrw Inetiqe&q q^eavavbd eeiaasggvg svefvdvyha Idgheigsde 
481 pwvngvqW latgvtvdrs tfiqmaagbr avgiervieqi etgpgrplya tfewagatv 
541 ddagevg 

nGURE35 

(SEQIDNo. 28) 

1 rngsgpraatriTlflg^pal vlvtaltl\i avptgretlw nnwceatqdw clgvpvdsrg 
61 qpaedgefa i^vqaatwg iiyyalgdsys sgdg3rd5'yp gtavk^pwr sanaypelva 
121 eaydfa^ds flacsgqrgy mnldaidevg sqldwnspht sivtig^ggn dlgfetvDct 
1 8 1 cmvrvpDds kactd^scbi dcnnakfett fe^isevrt r^pdarOw gypnJ|>eep 
241 tgayytltas ncpTvlnetiq efoqqlaeav aviideeiaas ggvgsvefvd vybaldghd 
301 gsdepwvngv qlrdlatgvt vdrstJDbpia a^jravgearv ieqietgpgr plyatfawa 
361 gatvddagevg 


FIGURE 36 
(SEQIDNo. 29) 

1 mittviaasa llUagcadg are^agapp gessggtree gaeastsitd vyiatgdsya 
61 amggrdqpir gepfblrssg nypelEbaev tdkcqgavt gdll^wrtlg ertipaqvda 
121 hedttlvtl siggridlgfg evagcireri ageoaddcvd Ilgetigeq] dql^^qldrv 
1 81 heairdragd aqvwtgylp Ivsagdqjel gdvsradirw aveltg(pae tvreaaerbd 
241 alfv^[xddad ehtscappqq rwadiqgq^ dayplhptsa gheamaaavr dalglepvqp 
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FIGURE 37 
(SEQIDNo. 30) 


ZP 00094165 

I mgqvklfair capvlMag lapaatvare aplae^aryv algssfeagp gvgpaapgsp 
61 ercgrgitlny phllaealkl dlvdalcsga ttMivlgpwn evppqidsvn gdtrlvtfti 
121 ggDdvsfi^gn ifeaacdana spd^gkwr eiteeewqad eennnavrq iharaplarv 
1 81 wvdyitv!p p^tcaamai spiiriaqsrs aakribrita rvare^asl Ikfiiuarh 
241 l^pcsakpwsn glsapadd^ p^^ipnrlgba ea^ialvklv khnk // 

FIGURE 38 

SEQIDNa31 

^fP 625998 , 

I inrrfrlvgfl sshiaagaa Itgaatai^ qpaaadgyva Igdsyssgvg agsyisssgd 
61 ckis&ahpy hvaaahspst fdfiacsgar tgdvlsgqlgplssgt^vs isiggndagf 
121 adlrattcvlq sessclsiia taeayvifetl pgkldgvysa isdkapeoahv wigyprfyk 
1 81 Igttciglse tkrtainkas dhlntvlaqr aaahgftfgd vrttf^d csg^wihsv 
241 nwlnigesyh ptaagqsggy Ipvingaa 

// 

FIGURE 39 
SEQIDNo. 32 
MP 827753 . 

1 nursritayv tslUavgca Itgaataqas paaaatgyva Igdsyssgvg agsyisssgd 
61 ckrssk^py Iwqaahspss fsfiiiacsgza- tgdvlanqlg tlnsstgjvs Itiggndagf 
121 sdvmttcvlq sdsaclaia takayvdstl pgqldsvyta istfcapsahv avlgyprifyk 
1 8 1 Iggsclagls etkrsainda adylnsaiak raadhgS% dvkstftgbe icssstwlhs 
241 Idllnigqsy I^taagqsgg ylpvmnsva 

// 

FIGURE 40 
SEQIDNo. 33 

MRLTOSI^AASWa^AUXAIXGISPAQAAGPAYVALGDSYSSGNG 

NAyPARWAAANAPSSTOAACSGAVTTOVIhn^Q 

CVTSSDSTCLNRLATATtrahmriJV^ 

LGLSNTKRAAINTTADTI^SVISSRATAHGI^ 

SYHPTSTGHQSGYLPVLNANSST 
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FIGURE 44 


(SEQIDNo. 34) 

ADSRP/U^SRFwTWFGI^SDTGKagrfSKMRGYLPSSPPYYEGR^^ 

LTIANEAEGGFTAVAYNKJSWNPKYQN^INNLDYENn'QFLQKDSFKPDDLVI 

AYGWNTCQDAKRNmDAISDAANRMVLNGAKEIlXFNI^ 

SAYHNQLLLNiyJJ^QLAPTGr^LreiDKQFAEMLRDPQNF^^^ 

FASRSASTDSQLSAFNPQERL/UAGNPLb^QAVASPMAARSASTLNCE 

GKMFWIXJVHPTrVVHAALSEPAATFIESQYEFL^ 


nGURE45 


(SEQIDNo. 35) 


1 ADTRPAFSRI VMFGDSLSDT GKMYSKMRGY 

61 lANEAEGGAT AVAYNKISWW PKYQVINNLD 

121 GWOTEQDAKR VRBAISDAAN RMVLNGAKQI 

181 NKLI..T.NIARQ IxAPTGMVKLF EIDKQEAEML 

241 STDRQI.SAFS PQERLAIAGN PLIAQAVASP 

301 SERAATFIET QYEFLABG 


LPSSPPYYEG RFSNGFVWLE QLTKQFPGLT 
YEVTQFLQKD SFKPDDLVIL WVGANDYLAY 
liFNLPDLGQ NPSARSQKW EAVSHVSAYB 
RDPQNFGLSD VENPCYDGGY VWKPFATRSV 
MARRSASPLK CEGKMFTOQV HPTTWHAAL 
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FIGURE 46 
(SEQIDNa36) 

acaggccgatgcacggaaccgtacctttccgcagtgaagcgctctco^ 

cgggacttcatccgasattttggcatgaacacttccttcaacgc^ 

gtgcggcagcagaccasctcgttggaggctcagtgagattgaccc^^ 

catojgtcatcgtcttcgcccrrgctgctcgcgctgctgggca^ 

ccggcx^cggcctatgrggccctgggggattcctattcctcgggcaacggcgoxsg^ 

acatcgattcgagcggtcactgtcaccgcagcaacaacgcxsta^^ 

cggccaacgcaccgtcctccttgaccrrcgcggcctgctcgggagcggtgac^ 

tgatcaacwvtcagctgggcgc«:t(^cgcgt(x:agcggcct 

gcggcaatgacgcgggcrrcgcggacgggatgaccacctgcgtcaccagctcggac^ 

cctgcctcaaccggctggccaccgccaccaacrracatcaacaccaccct<^ 

tcgacgcggtctacagccagatcaaggcccgtgcccccaacgcccgcgtggtcgtcctcg 

gctacccgcgcatgtacctggcctcgaacccctggtactgcctgggcctgagcwvcacc^ 

agcgcgcggccatcaacaccaccgccgagaccctcaactcxsgtgatctcctc^ 

ccggccacggattccusattcggcgatgtcxigcccgaccttcaacaaccac^ 

tcggcaacgactggctgcactcactcaccctgccggtgtgggagtcgtagcacccca 

gcacgggccatcagagcggctatctgccggtcctcaacgccaacagctcgacctgatcaa 

cgcacggccgtgcccgccccgcgcgtcacgctcggcgcgggcgccgcagcgcgttgatca 

ggccacagtgccggtgacggtcccaccgtcv^cggtcgagggtgtacgtcacggtggcgcc 

gctccagaagtggaacgtcagcaggaccgtggagccgtccctgacctcgtcgaagaactc 

cggggtcagcgtgatcaccx:ctcccccgtagccgggggcgaaggcggcgccgaactcctt 

gtaggacgtccagtcgtgcggcccggcgttggcaccgtccgcgtagaccgcttccatggt 

cgccagccggtccccgcggaactcggtggggatgtccgtgcccaaggtggtcccggtggt 

gtccgagagcaccgggggctggtaccggatgatgtgcagatccaaagaatt 

FIGURE 47 
(SEQIDNO. 37): 

MRLTRSLSAASVIVFALL17VLLGISPACWKGPAWALGDSYSSGNGAGS\^ 

NAYPARWAAANAPSSFTFAACSGAVTTDVINNQLGALr^TGLVSmGGNDAGFA^ 

CNa^SSDSTCLNRLATATNYIMTTLLARLDAWSQIKAR^ 

LGLS^r^KRAAI^r^TADTlJ4SVISS^^TAHG 

SYHPTSTGHQSGYLPVLNANSST 
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nGURE48 
SEQIDNo. 38 


1 n^hpagerg evgaffallv gtpqdnlrl echetrplfg rcgcgenvp pitipgdgvl 
B1 cttsstrdae tvwrlchlqpr pdg^hlg >^cll^c^s pgvfwcgn^ crfevcrrdt 
121 pglsrtmgd ssppfragws Ippkcgezsq sarktpavpr ysllrtdrpd gprgrf^^sg 
181 praatrrrtf Igipalvfvt B\iMavp( grethvrmwc ea!qd>vc^v pvdsrgqpae 
241 dgeflllspv qaatwgnyya Igdsj^dg ardyypgtav kggcwrsana ypelvaeayd 
301 faghlsflac sgqrgyamW aidevgsqW wnsphtslvt tgiggnd^f stvBctcmvr 
361 Vf^kact dqedairkrm akf^tfeel isevrtrapd arifwgypr Ifpeeplgay 
421 yllls^qrw Jnetiqefnq qlaravavhd eeiaasgg>^ svefvdvyha Idghergsde 
481 pwvngvqinJ lalgvtvdrs tfhpiTaaghr avgerweqi etgpgrplya tfawagatv 
541 dttagevg 
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FIGURE 49 

(SEQIDNo.39) 

1 ggtggtgaac cagaacaccc ^tcgtpggc gtgggcgtec aggtgca^ gc^gttctt 
61 caadgctoc agcaggatgc cgccgtggcc gtgcacgatg gcctt^gca ^cctg^gt 
121 oxxrgacg^ t^:agcaccc atagcgga^ gtcgaacggc a^gggtga actecagttc 
181 cgc^ccttcg cccgcggctt cgaaciccgc cc^gacagg g^fcggcga cagggccgca 
241 gcccaggtac ggcaggacga cggtgtgc^ caggclgggc atgct^tcgc gc^ggcftt 
301 gagcacgtca cggcggtcga agtcdiaoc gccgtagcgg tagccgtcca cggccagcag 
361 cac^ttcggl tcgatetgcg cgaaccggtc g^^cgclg cgcaccccga agtcggggga 
421 acag^cgac caggtcgcac cgategcggc gca^cgagg aatgcggccg Icgccteggc 
481 gatgtlcggc aggtaggcca cgacccggte gccggggccc acccc^ggc tgcggagggc 
541 c^cagcgatc gcggcggtgc gggtccgcag ttctcccc^ gtccactcgg tcaacggccg 
601 gagttcggac gcgtgccgga tcgccacggc tgalgggtca cggfcgcgga agatgtgcfc 
661 ggcgtagttg agggtggcgc cggggaacca gacggcgccg rocatggcgl cggaggcgag 
721 caclgtggtg tacggggtgg cggcgcgcac ccggtegtac tccc^atcg cggaccagaa 
781 tccficgagg tcggttaccg accagcgcca caglg^xteg tagtccgg^ cgtccacacc 
841 gcggtgctcc cgcacccagc g^t^ac^ ggtgaggttg gcgcgttctt tgcgcfcctc 
901 gfcgggactc cacaggatog gcggct^:gg c^gagtgtc aigaaacgcg accccttcgt 
961 ggacggtgcg gatgcggtga gcgfcgggtg cctcccdaa cgclccccgg tgacggagtg 
1021 ttgtgcacca catctagcac gc^gacgcg gaaaccgtat ggagaaaaca cdtacssiccc 
1081 cggccggacg gtgggtftcg gccacactta ggggtcgggt goctgcttgc cgggcagggc 
1141 agtcccgggg tgclgtggtg cgg^jgggag ggctgtcgct tcgaggtgtg ccggc^ggac 
1201 actccgggcc tcagccgtac ccgcaacggg gacagtictc ctccctfccg ggctggatgg 
1261 tocciteccc cgaaatgcgg cgagatctec cagtcagccc ggaaaacacc cgdgtgccc 
1321 ^gtactctt tgcttegaac agacaggccg gacggtccac gggggaggtl tgtgggcagc 
1381 ggaccacgtg cggcgaccag acgacggttg ttcctcggta texccgctct tytacU g tg 
1441 acagc^ca cgctggtctt ggctglccc^ acgg^cgcg agacgctgtg gcgcatgtgg 
1501 tgtgaggcca cccaggac^ gtgcctgggg gtgccggtcg actcccgcgg acagccfecg 
1551 gaggacggcg agtttctgct gt^ftrfccg gtccaggcag cgacctgggg gaactattac 
1621 gcgctcgggg attcgtacfc ttcg^ggac ggggcccgc^ actactatcc cggcaocgcg 
1681 gtgaagggcg gttgc^cg gtccgctaac gcdatccgg agctggtc^ cg^cdac 
1741 gacttcgccg gacacttgtc gttcctggcc tgcagcggcc agc^cggcta cgccatgcit 
1801 gacgctatcg acgaggtcgg ctcgcagctg gactggaact cccctcacac gtcgctggtg 
1861 acgateggga tcggcggcaa cgatctgggg ttctccacgg tittgaagac dgcatggtg 
1921 cgggtgccgc tgctggacag caaggcglgc acggaccagg aggacgctat ccgcaagcgg 
1981 atggcgaaat tc^acgac gttlgaagag cicatcagcg a^gcgcac ccgcgcgccg 
2041 gacgccx:gga tcct^tcgt gggdacccc cggatttftc cggaggaacc gaxggcgcc 
2101 tactacacgctgaccgcgag caatxagcgg tggctcaacg aaaccattca ggagttcaac 
2161 cagcagctcg ccgaggctgt cgcggtcc^ gacgaggaga ttgccgcgte gggcggggtg 
2221 ggcagcgt^ agttcgtgga cgtct^xac gcgttggacg gccacgagatcggctcggac 
2281 gagccgtggg tgaacggggt gcagttgcgg gacctcgcca ccggggtgac tgtggacx:gc 
2341 agtaccttcc accccaacgc cgdgggcac cgggcggt<^ gtgagcgggt catcgagcag 
2401 atcgaaaccg gcx:cgggccg tccgcldat gccactticg cggtggtggc gggggcgacc 
2461 gtggacactD tcgcgggcga ggtgg^tga cccggcttac cgtocggccc gcaggtctgc 
2521 gagcactgcg gcgatctggt ccactgccca gtgcagttcg tcttcggtga tgaccagcgg 
2581 cggggagagc cggatcgttg agccgtgcgt gtc^^cg agcacacccc gctgcaggag 
2641 ccgttcgcac agttctctlc cggtggccag agtcgggtcg acgtcgatcc cagcccacag 
2701 gccgatgclg cgggccgc^a ccacgccgtt gccgaccagt ^tc^aggc gggcgcgcag 
2761 cacgggggcg agggcgcgga catggtccag gtaagggcx:g tegcggacga ggdcaccac 
2821 ggcagtgccg accgcgcagg cg^ggcgtt gccgccga^ glgdgccgt gctggccggg 
2881 gcggatcacg tcgaagactt ccgcgtc^cc taccgccgcc gccacgg^ ggatgccgcc 
2941 gcccagcgct ttgccgaaca gglagatatc ggcgtcgact ccgctgtggt cgc^gcccg 
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FIGURE 50 

{SEQIDNo.40) 

1 x^sgpraatr rrlfigtp^ vMaltM avptgnrflw rmwceatqdw dgvpvdsrg 
61 qpaedgeffl Ispvqaatwg nyyalgdsys sgdgardyyp gtavkggcwr sanaypelva 
121 eaydfaghEs flacsgqrgy amki^evg sqtdwnspht slvtlg^gn dlgfstvlkt 
181 cmvrvpllds kactdqec^i rkmrakfeft feelisevrl rapdantw gypnfpeep 
241 tgayytkas nqnvtnetiq efnqqiaeav a^Meei33S ggvgsvefvd vyhakighei 
301 gsdepwvngv qtrdMgvt vdrstfhpna aghravgerv ieqietgpgr pfyatfewa 
361 gatvdttage vg 


HGURESl 
(SEQIDNo.41) 

1 mrttvaasa Uliagcadg arBetagapp gessggiree gaeastsitd vyia^dsya 
61 amggrdqplr gepfclrssg nypefihaev tdltcqgavt gdlleprtlg ertlpaqvda 
121 tfedttlvH siggnd^g evagcnreri agenaddcvd Dgetigeqt dqtppqidrv 
181 heairdr^d aqvwtgyip tvsagdq>el gdvseadrrw aveftgqSne tvreaaerhd 
241 atfvtpddad ehtscappqq rwadiqgqqt dayplhptsa gh^maaavr ctelglepvqp 
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nGURE52 
(SEQIDNo. 42) 


1 ttdggggtg ttatgg^tt gttatcggct cgtcctg^t ggatcccgcc aggtggggta 

61 tfcacggggg acttttglgt ccaacagccg agcBtgagtg ccc^agcgg tgggaatgag 
121 g^ggc^ggg ctgtgtcgcc atgagggggc ggcgggcfcct g^gcccc gcgacccccg 
181 gccocggtga gcggtgaa^ aaatccggd gtaatcagca tcct^tgccc accccgtcgg 
241 g^gtcagc gcccggagtg tctacgc^ cggatcctct cggactcggc catgctgtcg 
301 gcagcatcgc gctcccgggt cttggcgtcc cfcggctgtt ctgcctgctg tecctggaag 
361 gcgaaa^ caccggggag tgatacaccg gtggtctcat cccggatgcc cacUcggcg 
421 colccg^ attcgggc^ ctccggg^ aagtaggtgg catccgatgc gtcggtgacg 
481 ccatagtggg cgaagatcic atcctg^^ agggtgctea ggccactctc cg^tcgata 
541 tcgggggcgtcctlga^c gtccttgctg aaacx:gaggt gcagcttgtg ggcttccaat 
601 ttcgcaccac ggagcgggac gaggctggaa tgacggccga agagcccgtg gtggacctca 
661 acgaaggtgg gtagtcccgt glcatcattg aggaacacgc cctccaccgc acccagcttg 
721 tggccggagt tgtcgtaggc gctggcatec agaagggaaa cgak^ta tttgtcggtg 
781 tgctcsigaca tgatettcxA ttgctgtcgg tgtctggtac taccacggta gggctgaatg 
841 caactgttaf ttttctgtta ttttaggaat tggtccatat cccacaggd ggctgtggtc 
901 e^atcgtcat caagtaatcc ctgtcacaca aaatgggtgg tgggagccxt ggtcgcggtt 
961 ccgtgggagg cgccgtgccc cgc^atcg tcggcatcgg cggatdggc cggtaccccg 
1021 cggtg^taa aatcattctg taaccttcat cacggftggt tttaggtatc cgcccdtla 
1081 gtectgaccc cgtcxccggc gcgcgggagc ccgcgggttg cggtagacag gggagacgtg 
1141 gacacca^a ggacaacggt catcgcagca agcgcattac tccttctcgc cggatgcgcg 
1201 gatggggccc gggaggagac cgccggtgca ccgccgggtg agtcctccgg gggcatccgg 
1261 gagg^gggg cggaggcgtc gacaagcatc accgacgtct acatcgcccl cggggatlcc 
1321 tatgcggcga tgggcgggcg ggatcagccg tt^gggtg agocgttctg cctgcgctcg 
1381 tc:cggfaatt acccggaact cxfccacgca gaggfcaccg atdcaccig ccagggggcg 
1441 gtgaccgggg atctgctcga acccaggacg ctgggggagc gcacgc^cc ggcgcaggtg 
1501 gatgcgdga cggaggacac caccdgglc aocctdcca Icgggggcaa tg^x^tcgga 
1561 ttcggggagg tggcgggatg catcc^gaa cggatc^ccg gggagaacgc tgatgattgc 
1621 gtggacctgc tgggggaaac catcggggag cagctcgatc agcttccccc gcagctggac 
1681 cgcgtgc3cg aggdatccg ggaccgc^cc ggggacgcgc aggttgtggt caccggttac 
1741 ctgccgctcg tgtctgccgg ggadgcccc gaactggggg atgtctccga ggcggatcgt 
1 801 cgttgggcgg ttgagdgac cgggcagatc aacgag^xg tgcgcgaggc ggccgaacga 
1 861 cacgatgco: tctt^tcct gccogacgat gccgatgagc acaccagltg tgcaccccca 
1921 cagcagcgct gggcggatat ccagggocaa cagaccgatg cctatecgct gcacccgacc 
1981 tccgccggcc atgaggcgat ggccgccgcc gtcc^ggacg c^tgggcct ggaaccggtc 
2041 cagccgtagc gcc^gcgcg cgcttgtcga cgaccaaccc atgccaggct gcagtcacat 
2101 ccgcacalag cgcgcgc^g cgatggagta cgcaccatag aggatgagcc cgatgccgac 
2161 gatgatgagc agcacac^c cgaag^fttg Hccccgagg gtgcgcagag ccgagtec^ 
2221 acdgcggcc tgctccggat ca^gccca accggcgatg acgatcaaca cccccaggat 
2281 cccgaaggcg ataccacggg cgacataacc ggctgttccg gtgatgatga tcgcggtccc 
2341 gacdgccct gacccc^cac ccgcdccag alcxtcccgg ^atcccggg tggccccctt 
2401 ccsgaggttg tagacacccg cccccagtac caccagcccg gcgaccacaa ccagcaccac 
2461 accccagggt tgggatagga cggtggcggt gacatcggtg gcggtctccc catcggaggt 
2521 gctgccgccc c^gcgaagg tggaggtggt caccgccagg gagaagtaga ccatggccat 
2581 gaccgccccc tiggcocttt ccttgaggtc ctcgcccgcc agcagctggc tcaattgcca 
2641 gagtccca^ gcc^ccaggg cgatgacggc aacccacagg aggaactgcc cacccggagc 
2701 ctccgcgatg gtggccaggg cacc^aaft cgaggcctca tcacccgaac cgccggatcc 
2761 agtggcgatg cgcaccgcga tccaccc^atgaggatgtgc agtatgccca ggacaaigaa 
2821 aocacctdg gccagggtgg tcagcgcggg gtggtcdcg gcctggtcgg cagcx^cgttc 
2881 gatcgtccgt ttcgc^atc Iggtgtcgcc cttatccata gctcccattg aaccgcc^g 
2941 agggglgggc ggccactgtc agggcggatt gtgatctgaa ctgtgatgtt ccatcaaccc 
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FIGURE 53 
(SEQIDNo. 43) 


1 mrrfrtvgfl ssMaagaa Itg^taqaa qpaaadgyva Igdsyssgvg agsysssgd 
61 ckrstkahpy hvaaahspst fdftacsgar tgdvlsgqig pissgtgivs isiggndagf 
121 adtmtevlq sessdsria taeayvd^ pgkfdgvysa tsdk^rahv wlg^rfyk 
181 rgttdglse tkrtainkas dhlntvlaqr aaahgftfgd vrttftghel csgspvi^isv 
241 nwlnigesyh ptaagqsggy tpvbgaa 


Figure 54 
(SEQIDNo. 44) 

1 ca:ggcggcc cgt^^aggag cagcagcx:gg ccc^cgatgt cclcgggcgt cgtcttcatc 
61 aggccgtcca tcgcgtcggc goxggcgcc gtglagttgg ccc^gacctc gtcccaggtg 
121 cccgcggcga tetggcgggt ggtgcggtgc gggccgcgcc gaggggagac gtacx:agaag 
1 81 cxcatc^tea cgttctccgg dgcggttcg ggclc^ocg ccgctccgtc cgtcgcctcg 
241 ccgagcacct tctcggcgag gtpggcgctg glcgccgtca cscgtgacgtc ggcgccccgg 
301 ctccagcgcg agatcagcc^ cgtcc^ccg tcgcx:ctccg ccagcgtcgc gctgcggtcg 
361 tcgtcgcggg cgatccgcag cacgcgc^cg ccgggcggca gcagcgtggc gccggaccgt 
421 acgcggtcga tgttcgccgc gtgcgagtac ggctgctcac ccgtggcgaa acggccgagg 
481 aacagcgcgt cgac^cgte ggacggggag tcgctgtcgt ccacgttgag ccggatcggc 
541 agggcttcgt gcgggttcac ggacafgfcg ccatgategg gcacocggcc gccgcgtgca 
601 ccc^ctttcc cgggcacgca cgacaggggc tttctcgcx^g tettccgtcc gaacttgaac 
661 gagtgtcagc catttcttgg catggacact tccagtcaac gcgcgtegct gctaccacgg 
721 ttgtggcagc aatc ctgcta ^ggaggtfc catgagacgt ttccgacttg tcggcttcct 
781 gagttcgcfc gfectcgcx:g ccggcgccgc ccteaccggg gcagcgaccg cccaggcggc 
841 ccaacccgcc gcx:gocgacg gdatgtggc cctc^cgac tcctactcct ccggggtcgg 
901 agc^ggcago tacatcagct cgagcggcga ctgcaagcgc agcacgaagg cccafcccta 
961 cctgtgggcg gccgcccact cgccctccac gttcgacttc accgcc^tt ccggcgcccg 
1021 tacggglgat gttctctccg gac^ctcgg cccgctcagc tccggcaccg gcctcgtclc 
1D81 gatcagcatc ggc^gcaacg acgccggttt cgccg^^acc atgacgacct gtgigctcca 
1141 gtccg^agc tcctgcctgf cgcg^tcgc caccgccgag gcgtacgtcg actcgacgct 
1201 gcccggcaag ctc^cggcg totefcggc aatcagcgac aaggc^ccga acgcccacgt 
1261 cgtegtcate ggctacccgc gctlctacaa gctcggc^cc acdgcaicg gcctgtccga 
1321 ^Kx^aagcgg acggcgatt^ acaaggoctc cgaccaccte aacaccgtcc tcgcccagcg 
1381 cgccgccgcc cacggcftca cctfcggcga cgtacgcacc acctlcaccg gccacgagct 
1441 gtgctccggc agcccciggc tgcacagcgt caac^gctg aacateggcg agtcgtacca 
1501 ccccaocgcg gccggccagt ccggtgc^ cclgocggtc clcaacggcg ccgcctgacc 
1561 tcaggcggaa gga^gaag aaggagcgga gggagacgag gagtgggagg ccccgcccga 
1621 cggggtcccc gtccccgtct tx:gtctccgt cccggtcccg caagteaccg ag^cgccac 
1681 cgcgtcgg^ gtggcccgca ccggactccg cacctccacg cgcacggcac tctcgaacgc 
1741 gccggtgtcg tegtgcgtcg teacxaccac gcc^tcctgg cgcgagcgct cgccgcccga 
1801 cggga^gao ayi gtccyc c acoccggatc ^agaccgac ccgfccgcgg tcacccaccg 
1861 gtagccgacc Iccgcgggca gccgcccgac cg^aacgtc gccgtg^cg cgggtgcccg 
1921 gtcg^cggc ggcggacagg ccoxg^ta gtgggtgcgc gagcccacca c^tcacctc 
1981 cacx^ctgc gdgcggggc 
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HGURESS 
(SEQIDNo- 45) 


1 mrrsntayv t5ni3\^ca llgaataqas paa^tgyva igdsyssgvg ^ylsssgd 
61 ckrsskaypy hvqaahspss f^acsgar tgdvlanqtg tinsstgivs ftiggndagf 
121 sdvmttc^q sdsadsiin tak^rvdslJ pgqidsvyta istkap^hv avtgypr^ 
181 Iggsdagis efkrsatnda adylnsaiak raadhgftfg dvkstftghe tcssstwihs 
241 IdRnigqsy hptaagqsgg yipvmnsva 


FIGURE 56 
SEQIDNo.46 

1 ccaccgccgg gtcggcggcg agtdcdgg cctcggtcgc ggagaggtlg gccgtgtagc 
61 cgttcagcgc ggcgccgaac gtcttcttca ccgtgccgcc gtactcgtfe atcaggccct 
121 tgccc^gct cg^c^cc ftgaagccgg tgcccttctt gagcgtgacg atgtagctgc 
181 ccttgatt^ ggtgggggag ccggcggcga gcaccgtgcc cte^ag^ gtggcctggg 
241 c^gcagtgc ggtgaatccg cccacgaggg cgccggtcgc cacggc^gtt atcgcggcga 
301 tccggatctt cttgclacgc agctgtgcca tK:gagggag tcctct^cfcg ggc^gcggcg 
361 cgcdgggtg gggcgcacgg ctgtgggggg tgcgpgc^c atcacgcaca cggccctgga 
421 gcgtcgtgtt ccgcxctggg ttgagtaaag cctcggccat ctac^^t ggctca^gg 
481 agttgagacc ctgicafgag tetgac^ga gcacgcaatc aacggggccg tgagcacccc 
541 ggggc^accc c^gaaagtgc c^gaagtct tggcatggac ac^cctgtc aac^^cgta 
601 gctggtac^a cggtecggc agagatcctg claaagggag gttccatgag acgttcccga 
661 attacggcat acgtgacctc actcdcctc gccgtcggd gcgccx^bac cgg^cagcg 
721 acggcgragg c^tocccagc cgccgcggcc acgggdatg tggccc^cgg cgactcgtac 
781 tegtccggtg teggc^ccgg cagc^acclc agcfcccagcg gcgacdgcaa gcgcagttcg 
841 aaggcctatc cgtacdctg gcaggccgcg cateaccd cglc^ttcag tttcatggct 
901 tgctc^ggcg ctcgtacggg tgatgtcctg gccaaicagc tcggcaccci gaactcgtcc 
961 accggcctgg tctccctcac catcggaggc ^cgacgcgg gcttctccga cgtcatgacg 
1021 ^c^tgtgc tecagtccga cagcgcctgc dcfcccgca teaacacggc gaaggcgtac 
1081 gtcgactcca ccc^gccc^g ccaactcgac agcgtgtaca cggcgatcag cacgaaggcc 
1 141 ccgteg^cc atgtggcx:gt gctgggctac ccccgcttct acaaac^gg cggctcdgc 
1201 ctcgcgggcc tctcggagac caagcggtoc gccatcaacg acgcggccga ctatc^aac 
1261 agcgccalcg cxjaagcgcgc cgccgaccac ggcttcacct tcggcgacgt caagagcacc 
1321 ttcaccggcc atgagatctg ciccagcagc acdggctgc acagtdcga octgctgaac 
1381 atcggccagt cct^xaocc gaccgcggcc ^cagtccg gcggc^atct gccggtcatg 
1441 aacagcgtgg cdgagctcc cacggcctga atKtfaagg octg^itft faaggcgaag 
1501 gtgaaccgga agc^s^gcc ccgtcc^tcg gggtctccgt cgcacaggtc accg^aacg 
1561 gcacggagtt ggacgtcgtg cgcaccgggt cgcgcacctc gacggc^afc tcgticg^a 
1621 tc^ttcc^ct cgteficgtac gtggtgacga acacc^ctt ctgdg^te tttccgccgc 
1681 tcxjccgggaa ggacagcgtc ttccagcccg gatocgggac cfcgccdte ttggtcaccc 
1741 agcggtadc cacctcgacc ^K^acccggc cc£ttx:g^aa ggtegccgtg aacglgggcg 
1801 cclgggcggt gggcggcggg caggcaccgg agtagtcggt gtgcacgcc^ gtgaccgtca 
1861 ccttcat^ga ctgggccggc ggggtcgtcg taccgccgcc gccaccgccg cclccx^gag 
1 921 tggagcccga gdgtggtcg cccccgcx:gt cggcgt^tc gtccb^ggg gttttcg^c 
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FIGURE 57 
SEQ ID No. 47 


1 mgsgpraatr rrlflgipa! vMalflvl avptgretJw rmwceatqdw dgvpvdsrg 

61 qpaedgefll Ispvqaatwg nyyalgdsys sgdgardyyp gtavkggcwr sanaypehra 
121 eaydfaghte flacsgqrgy amldaide^^ sqkiwnspht sivtigiggn dlgfelvlkt 
1 81 cmvrvpllcis kactdqedai riamakfett feeFisevrt rapdarilw gyprlfpeep 
241 tgayylltas nqrw^netiq efnqqlaeav avhdeetaas gg\^svefvd vyhaldghei 
301 gsdepwvngv qlrcfetgvt vdrstfhpna aghravgerv ieqietgpgr piyatfawa 
361 gatvdtlage vg 


FIGURE 58 


SEQ ID No. 48 


ctgcagacac ccgccccgcc ttctcccgga tcgtcatgtt cggc^actcc c^gcgaca 
ccggcaagat gtactccaag atgcgcggct acd:gccgtc dcccogccg tadacgagg 
gccgcttctc gaacggcccg gtctggcrtgg agcagctgac gaagcagttc cxxggcciga 
cgatcgocaa cgaggccgag gggggcgcga ccgcagtcgc dacaacaag atdcclgga 
acccgaagta ccaggtcatt aacaacctcg actacgaggt cacccagttc ttgcagaagg 
ack^ttcaa gcccgacgac ctggtcafcc tgtg^tggg cgccaacgac tacctggccl 
acggttggaa cacggagcag gacgccaagc gggtgcgcga cgccatcfcg gacgcg^^aa 
accgcatggt cctgaacggc gcgaagcaga tcctgctgtt caacctgccc gacctgggcc 
agaacccgtc cga:cgctec c^^gteg tegaggccgt ctcgcacgtg tccgcctacc 
acaacaagct gctccteaac cfcgcccggc agctcgcccc gac^ggcatg gtcaagctgt 
tcgagatcga caagcagttc gcggagatgc tgcgcgaccc ccagaacttc ggcctgagcg 
acgtggagaa cx:cgtgcfac gac^gcggct acgtgtggaa gccgtfcgcc ^xcggtccg 
tctcgaccga ccggcagctg tcggcxttd cgccccagga gcgcctggcg atcgctggca 
acccgctcct ggcacaggcg gtagctlcgc cgatggcccg ccgctcggcc tcgcocc^ca 
actgcg^gg caagatgtfc tgggaccagg tccaccccac caccgtggtc cac^ccgccc 
tctcggagcg cgccgccacc ttcatcgaga cccagtacga gtlcctcgcc cactagfcta 
gaggatcc 
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Figure 59 



Figure 60 
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Figure 61 

1. L131 

2* S - avermitiiis 

3. T-fusca 

4 . Consensus 


1 50 

1 (1) MRLTRSLSAASVI VKATiiJ .RT .T>GI SPAQAAG 

2 (1) MRRSRITAYVTSLLLAVGCALTGAATAQASPA 

3 (1) VGSGPRAATRI^FLGIPM.VLVTALTLVIAVPTGRETL]fil^^ 

4 (1) MRRSRFLA ALILLTLA GAA ARAAP 


51 


1 
2 
3 
4 


(32) 

(33) 


P-AYTO LGDSY ^ SGNGAGSYID 

AAATGYVTi LGDSYS SGVGAGSYLS 


(51) CLGVPVDSRGQPAEDGEFUJiSPVQAATWGNYYS LGDSY S 5GDGARDYYP 
(51) A A YVi^OGDSYSSG GAGSY 


100 


101 150 

(53) ssgd cfirsnnayparwaaanap ssftfaacsgavttdvin 

( 57 ) ssgd ckrsskaypylwqaahsp ssfsfmacsgartgdvia 

(101) gtavkggcwrsai;faypelvaeaydfa~ghx.sfiacsgqrgyamldaide 
(101) ssgd c rstkaypalwaaaha ssfsf acsgartydvia 


151 

(93) — NQLGALNAST — GLVSI 


4 (151) 


QL LNS T LVSI 


SDSTCL 
SDSACI* 


1 

2 (97) — WQLGTLKSST — GLVSLtl GQTOAG iFSDVMYTCVLQ- 

3 (149) VGSQLDm3SPHT--SLVXI<piGGNDI^STViKTCMVR VPLLDS 

SDSACL 


200 


IGGN0AG FADAMTTCVTS- 


IGGaflDAGFAD l^TCVL 


201 250 

1 (133) NRLATArNYINTTUUA RLDAVYSQIKARAPNARWVLGYPRMY 

2 (137) SRINTAKAYVDSTLPG QLDSVYTAISTKAPSAfiVAVLGYPRFY 

3 (191) KACTDQEDAIRKRMAKF ETTFEELISEVRTRAPDARILWGYPRIF 

4 (201) RIA AK YI TLPA RLDSVYSAI TRAP ARVWLGYPRIY 

251 300 

1 (176) LASNPWYCLGLSNTKRAAINTTADTLNSVXSSRATAH GF 

2 (180) KLGG^SCLAGLSETKRSAINDAADYLKSAIAKRRADH GF 

3 (237) PEEPTGAYYTLTASNQRWIJJETIQEFWQQIAEAVAVHDEEIAASGGVGSV 

4 (251) SG LGLS TKRAAINDAAD LNSVIAKRAADH GF 


301 


1 
2 
3 
4 


(215) RFGDVRPTFNNHELFFGNDWLHSLTLP WESYH 

(218) TFGDVKSTFTGHEICSSSTWLHSLDLLN IGQS YH 

{ 287 ) EFVDVYHALDGHEIGSDEFWVNGVQLRDIATG VTVDRST FB 

(301) TFGDV TF GHELCSA PWLHSLTLP V Sm 


350 


351 395 

(248) PTSTGHQSGYIiPVLHANSST 

(252) PTAAGQSGGYLPVMNSVA 

(328) PNAAGRRAVGERVIEQIETGPGRPLYATFAWAGATVTJTIAGEVG 
(351) PTA GHAAGYiPVLNSI T 
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